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ON THE CONTROL OF pH DURING EXPERIMENTS ON 
THE MODE OF ACTION OF SULFONAMIDES 

JEROME S HARRIS HENRY L KOHN 
Duke Unitcrttly School of Ved urine Durham \orth Carolina 
Received for publication July 10 1944 

In a senes of studies dealing with the mode of action of the sulfonamides 
(1—4), certain quantitative methods v-ero described and employed Unfortu 
nately, no specific statements were made regarding tho changes In pH during the 
course of the experiments and It is therefore the object of this note to establish 
their magnitude and possible bearing upon the conclusions reached 

Wo have measured with the gloss electrode the pH changes induced by Etcher 
vMa coU (No 6622, American Type Culture Collection) in three different media 
used previously SG, containing morgamo salts and glucose pH 7.2 before auto- 
claving SGPP being SG plus 1 per cent proteose peptone, PPFG, containing 
2 per cent proteose peptone, glucoeo and fumano acid pH 7.8 before autoclaving 

TABLE 1 

Tht pH of culture* inoculated tcilh about tO orpanitm* per cc. 

Tie BulfonxmJdo concentration* were adjuited to Inhibit the rate of growth by 60 per 
cent in thin experiment 3 X 10" 1 A/ ■ulfanllamide and 8 X 10~* Af mil/athlarole 


Ktnrcv 

icxro*iA.*3ra 

p 

UtUocaktad coatrol 

n 

in mflSoo pw cc. 

8Q 


7 05 

6 85 


8A 

7 05 

6 85 

SGPP 


6 95 

8 90 


8T 

0 95 

8 85 

PPFG 


7 7 

7 6 


8T 

7 7 

7 6 


Eight cc of medium was inoculated with about 160 bactena, and the cultures 
incubated at 37° 

Medium containing enough sulfanilamide or sulfathioxolo to inhibit the rate 
of growth from 26 to 76 per cent wns also tested Visible turbidity appeared in 
the peptone containing media in about seven hours, and m SG in about 16 hours, 
after which it could be followed by means of a photoelectric densitometer 

Typical results are shown in table 1 Until tho time of just visible growth there 
k no appreciable change in pH At the final population density used in all of 
°ur experiments (132 million per cc ) tho drop is within OR units, both in the 
Presence and absenco of sulfonamide On the other hand the maximum changes 
obtained by allowing the cultures to grow as far as tho media permit are much 
greater 

ffhe small changes in tho pH recorded above are further mini mixed in our cx 
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penments, in that rates of growth are measured on the basis of how muoh time is 
required for a given inoculum, usually 20-100 bacteria per cc , to reach the end- 
pomt of 132 million per cc Such a period of growth involves the production of 
about 20 generations However, not until the sixteenth or seventeenth genera- 
tion does growth become visible and any appreciable change in pH occur Thus 
the small change m pH occurs for but a fraction of the entire period of growth 
It is therefore concluded that the quantitative results and interpretations pre- 
viously reported can not be questioned because the pH was inadequately con- 
trolled (5) 

SUMMARY 

Checking on methods previously used in studying the mode of action of the 
sulfonamides, it is shown that the changes in pH are within 0 3 unit This is 
too small to affect the interpretation of the data 
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THE RELATIVE RATES OF ABSORPTION OF QUININE AND SOME 
OTHER CINCHONA SALTS FROM ISOLATED INTESTINAL 
LOOPS OF DOGS 

W E CORNATZER and JAMES C ANDREWS 
From th$ Drpartmtnt of Bxolofical Chtmitiry and Nutrition School of Utdiexnt Unirtrntf 
of North Carolina Chaptl Hill 

Received for publication July 7 1944 

In a recent communication from thus laboratory (I) there were reported some 
results on the rates of absorption, of quinine sulfate and quinine dihydrochloride 
from isolated Thiry Vella intestinal loops of dogs In the present paper we with 
to report an amplification of this study with four other animals, together with 
comparisons of the rates of absorption of quinine as the sulfate the d {hydro- 
chloride and the free base and with the dihydrochlondes of cmchomdme cincho- 
nine, dihydroqumidino and totaquine In addition, we wish to report a 
more detailed Investigation of the effect of sodium chloride on the solubilities 
of qu'mrno cinchonine and cmchomdme sulfates and on the lack of effect of 
this increase in solubiht\ on the rate of absorption of the quinino sulfate. 

Methods and results Dogs with jejunal loops were prepared through the 
courtesy of Dra H M Schicbel and Max Rogers by tho method described by 
Johnston (2) All loops were 25 to 27 cm in length The technique used in 
the absorption measurements was identical with that described in our earlier 
paper (1) and the residual quinine was, as before, determined by the method of 
Kyker, Webb and Andrews (3) In the case of absorption experiments with 
other cinchona compounds the modification of the above method described 
by Lewis (4) was employed 

As a means of securing a more quantitative removal of the cinchona com 
pound especially the sulfate, from the loop we have again employed phyiu 
ological saline solution The ability of this solution to dissolve muoh larger 
amounts of quinine sulfate than does pure water previously reported by An 
draws and Anderson (1) has been confirmed and the solubility curve in eodium 
chlonde has also been determined for cinchonine and cin chord dine sulfates 
Some possible physiological implications of this solubility effect are discussed 
belcm The solubility determinations were made in the same way as previously 
described using pure samples of the compounds concerned The results are 
recorded m table 1 It will be observed that tho results for quinine sulfate are 
m substantial agreement with those published by Andrews and Anderson but 
tiie present data have more closely defined the maximum of the curve The 
solubility curves of cinchonine and cinchonidine sulfates are of similar form 
Quinine free base, on the other hand shows only a very alight change (a de- 
crcfl J*6) in solubility with in creasing concentrations of sodium chloride It 
•eerns obvious that this sodium chloride solubility effect Is confined to the 
cinchona sulfates 
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Table 2 shows the relative rates of absorption of quinine sulfate, qumme 
dihydrochlonde and quinine free base for various periods of tune from the 
four dogs employed In each case the standard dosage used was equivalent 
to 20 0 mgm of anhydrous quinine sulfate (or 17 36 mgm as the free base) 

TABLE 1 

Solubility of various Cinchona compounds in increasing concentrations of sodium 

chloride at VTC 


(Both concentrations expressed as grams per 100 ml solution) 


CWCBOWA COUrCrtJHD 

cone, or MCI 

conc* or axcuoNA (as rust base) 
rat 100 uu or solution 

Quinine sulfate 

0 0 

0 2626 


0 4 

0 3200 


0 9 

0 3900 


1 6 

0 4737 


2 0 

0 6612 


2 6 

0 6812 


3 S 

0 6612 


4 0 

0 6860 


4 2 

0 6462 


4 5 

0 4700 


5 0 

0 3787 

Quinine base 

0 0 

0 0251 


0 4 

0 0242 


0 9 

0 0230 


1 6 

0 0236 


2 0 

0 0227 


4 0 

0 0184 

Cinchomdine sulfate 

0 0 

1 4660 


0 4 

1 9376 


0 9 

2 1776 


1 5 

2 6826 


2 0 

1 6000 


4 0 

1 0425 

Cinchonine sulfate 

0 0 

1 6250 


0 4 

2 0000 


0 9 

2 4000 


1 5 

2 2500 


2 0 

2 3000 


4 0 

1 7000 


per tgm of body weight Whereas the sulfate was introduced into the loop 
in water suspension, the dihjdrochlonde was dissolved in 20 cc water Hc- 
sults are recorded for 30, 60 and 90 minute absorption periods and individual 
figures are recorded in order to show the order of experimental variation In 
some of the later tables, where other conditions are introduced, the average of 
some of the groups of figures m table 2 are included for convenience in com- 
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TABLJ5 2 

Tk* ahtorpiinA of qv(nmc ai the sul/ofs t\* dihjfdrockloride and tk* fne bat$ from ttalaitd 
inlnttnal loopt qf doft 


All doses are in terms of 20 mem anhydrous quinine sulfate per kftu body weljht 


UOrtrr* cf rxyt. 

j «»cxxtac* or dcuwi iitti * 

| D«|I 1 Dec II 1 Item 1 

I Uiki | nJU | MJkt 

! PKIV 

| H-lk* 

Quinine sulfste 


ni*. I 

30 | 

21 8 

IS 8 | 

| 

39 0 | 

60 4 

30 

25 8 

21 4 I 

47 1 | 

65 1 

30 

17 l 

22 4 

M 7 

77 6 

CO 

30 4 

34 8 

60 6 

I 67 7 

«0 

35 2 

21 5 1 

59 6 1 

89 1 

CO 1 

26 7 

23 8 I 

60 0 | 

TO 3 

w> 

26 9 

25 3 ] 




Quinine dlhydrochltmde 


do 

32 7 

34 4 



30 

21 8 

27 8 



30 

23 2 

30 4 



00 

33 1 

39 8 



00 

23 3 

42 2 



60 

39 6 

40 2 


■ 

90 


46 9 



Quinine free base in trod need In suspension M such 

*0 

18 3 

15 0 



30 

21 6 

10 7 



CO 


23 6 



60 


17 0 

■ ■ 



Quinine sulfste with equivalent sodium hydroxide 


30 

30 

30 

80 

60 

60 

16 1 

8 8 

9 4 

13 7 

21 0 

17 7 

15 Q 

19 7 



Quinine dlhydrochloride with equivalent sodium hydroxide 

30 

17 4 

24 6 



30 


18 S 



Quinine dihydrochloride with equivalent sodium carbonate 

so 

20 8 

31 4 



30 

18 " 

35 3 
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panson In this table absorption figures are expressed only m terms of per- 
centage of the cmchona compound absorbed Blank determinations w ere made 
with all animals to demonstrate the extent to which the cinchona compound 
could be quantitatively removed from the loop immediately after its intro- 
duction As stated by Andrews and Anderson, these recoveries usually varied 
from 90 to 98% of the drug 

The data in table 2 illustrate several generalizations concerning the mecha- 
nism of absorption It is obvious that considerable difference would be ex- 
pected to exist betw een individual animals Even if two dogs of the same ago 
and weight were used to prepare two loops of exactly the same position and 
length, individual differences in absorptive speed would certainly result It 
will be observed that these speeds vary considerably for some of the present 
animals from the speeds reported by Andrews and Anderson (1) As a result, 
each individual animal must be standardized by some uniform procedure 
We prefer, for this purpose, to use the percentage absorption obtained from 
quinine dihydrochlonde in a 30 minute experiment Because of its greater 
solubility, the dihydrochlonde is a more convenient means of standardization 
than the sulfate It is evident that wide differences obtain between the ab- 
sorption speeds of these four dogs Dog IV absorbs either the sulfate or the 
dihydrochlonde at about three times the speed of Dog I Furthermore, in 
comparing for any one dog, the amount absorbed m 30 minutes with that 
absorbed in 60 to 90 minutes, it is evident that no lmear relation exists between 
percentage absorption and time The marked flattening of the resulting curve 
would be inescapable if the percentage absorption were approaching 100% 
and w ould mean nothing more than exhaustion of the material being absorbed 
But this flattening of the curve is evidenced with those dogs which absorb only 
about one-third of the dose in 60 minutes When left m the loop for an addi- 
tional 30 minutes no further significant amount is absorbed 

We have considered the possibility of a preferential absorption of tho acid 
combined m the salt, leavmg behind the free base with its obviously slower 
speed of absorption However, the data m table 2 show that even the free 
base is absorbed in 30 to 60 minutes at too rapid a rate to account for the prac- 
tically static condition prevailing with the salt from 60 to 90 minutes More- 
over, the sharp differences which have long been noted between the rates of 
absorption of inorganic chlorides and sulfates are not reflected in our data 
The slope of the curv e of absorption versus time decreases as much with quinine 
sulfate as with quinine dihydrochlonde In addition to the above we have 
earned on absorption experiments for 60 minutes with the dihydrochlonde in 
which extra acid (m the form of ammonium chlonde) was introduced into the 
loop at the 30 minute point The ammonium chlonde produced a pH value 
within the loop of approximately 5 0 In no case was any increase observed 
over the figures listed in table 2 for 60 minutes However, the fact that the 
loop was not damaged by this treatment was shown bv its abihtv to produce 
normal absorption v alues on subsequent standard measurements 

The prevailing pH of jejunal loop contents was found by Robinson, Lucky 



ABSORPTION OF QUININE SALTS 


and Mills (6) to range from 0 13 to 0 94 We have found, under normal condi 
dons, pH value* of ns high na 7 11 for the contents of our loops In one case 
after a dose of quinine dihydrochlonde had remained in the loop for 30 minutes 
the removed contents showed pH G GO If one calculates from the constants 
of Christophers (6) for q ui ni n e the fraction present as free base at these pH 
vuluea, he finds at pH 7 11 about G% and at pH 6 GO about 2% of the total 
charge On these grounds alone it would seem unlikely that a sufficient propor 
tion of the salt administered would be converted to the free base in order that 
the somewhat slower absorption of the latter could account for the form of the 
curve of absorption with tune. In this connection it is interesting to speculate 
os to whether at the prevailing pH of these loops any free base introduced is 
largely converted to salt before being absorbed Suoh a reaction might, due to 
the insolubility of the free base, be very sluggish It is to be noted that when 
free base was presumably produced in the loop by simultaneous addition of an 
equivalent amount of sodium carbonate to quinine dihydrochloride one animal 
(Dog II) showed about the same rate of absorption as for the unneutrahred 
dihydrochlonde. It is evident that reactions of this sort in the loop are cap- 
able of being very sluggish One is almost compelled to postulate some type of 
physiological fatigue to explain the much decreased rate of absorption after the 
first or second period of 30 minutes. The known effect of quinine on smooth 
muscle may well cause such an effect 

The quinine free base when introduced as such, was ground to a powder 
sufficiently fine to permit its being forced through the rubber tube into the 
loop without choking the former When we attempted to produce the free 
base by putting into the loop either sulfate or dihydrochlonde with equivalent 
amounts of alkali the quinine salt was first put In and followed at once with the 
alkali 

A practice recommended by some clinicians of administering therapeutic 
dose* of hydrochloric acid along with quinine sulfate should be mentioned 
The amounts of acid used could hardly be capable of lowering significantly 
the pH of either normal gastric contents or of those of the small intestine (7) 
but oould contribute equivalent amounts of sodium chloride to the latter 
In view of the marked m crease in solubility of quinine sulfate caused, up to a 
certain point, by m creasing concentrations of sodium chloride it was thought 
worth while to test the effect of sodium chloride on the rate of absorption of 
quinine sulfate. Tho results are recorded in table 3 in vhioh is m eluded for 
comparison, an average figure taken from table 2 for the absorption of the 
qmnme sait from water solution 

The results m table 3 show that in spite of the fact that m 0 9% sodium 
chloride quinine sulfate is about 60% more soluble than in pure water its rate 
°f absorption is not significantly increased. On the assumption that this 
amount of sodium chlonde, added to that naturally present may not be mg m fi 
cant, we have tested the rate of absorption from that solution giving the maxi 
mum solubility of quinine sulfate (4%, see table 1) This very hypertonic 
solution is no doubt rapidly diluted both by intake of water and loss of sodium 
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chloride and it was thought possible that in the course of this process a point 
would be reached where any favorable effect of the salt might demonstrate 
itself However, as the data show , the only result w as with both dogs a small 
decrease We may conclude that the mere matter of physical solubility of the 
salt is without influence on its rate of absorption and that the attractive idea 
of raising the speed of absorption of quinine sulfate by the use of sodium chlonde 
is without experimental support 

The results of the application, conversely, of sodium sulfate solution to the 
absorption of quinine dihydrochlonde show some diminution in speed of ab- 

TABLE 3 


Influence of sodium chloride and other salts on absorption of quinine sulfate, dihydrochlonde 

and free base 

Doses identical with those in table 2 


QCTXIHT. HALT 

ura> 

CONDITIONS 

LENGTH 
or EOT 

ratCEWTAGE ABSOIBED 

Dog I 

Dog II 



min 



Quinine 

Water suspension 

60 

33 7 (av ) 

26 5 (av ) 

Bulfate 






0 9% sodium chlonde 

60 

35 8 

29 9 



60 

36 2 

26 6 


4 0% sodium chlonde 

60 

29 9 

23 3 

Quinine di- 1 

Water solution 

30 

25 9 (av ) 

31 1 (av ) 

hydro- 

0 9% sodium chlonde 

30 

31 7 

23 8 

chlonde 

Sodium sulfate equimolar to 0 9% 

30 

17 7 

21 1 


sodium chlonde 

30 

23 4 

27 6 


Sodium sulfate equimolar to tho 

30 

26 2 

31 4 


quinine 

30 

28 2 

28 6 

Quinine 

Water suspension 

30 

19 9 (av ) 

33 3 (av )* 

free base 

0 9% sodium chlonde 

30 

15 9 

30 6 



30 

19 3 ^ 

32 9 


j Sodium sulfate 

30 

18 9 

28 5 


Equimolar to the quinine 

30 

25 0 

32 9 


* Quinine base made by action of sodium carbonate on equivalent quinine dihy- 
drochlonde 


sorption when the more concentrated sodium sulfate solution was used The 
effect howeter, appears to be slight Neither sodium chlonde nor sodium sul- 
fate has any appreciable effect on the absorption of the free base 

The therapeutic employment of some of the other more common cmchona 
compounds as schizonticidal agents makes their comparative rates of absorption 
a matter of interest We have therefore used Dogs I and n of this study for 
measurements on the dihydrochlondes of cinchonine, cincbomdine, dihydro- 
qumidme and the commercial mixture known as “totaquine ” The composi- 
tion of the latter has recently been recorded by Seeler, Dusenbery and Malanga 
(8) These investigators found httle difference in the schizonticidal activity of 
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quinine, quimdmo, cinchonine and cmchcmidinc, from which one might conclude 
that sharp differences m absorptive speed would be unlikely Our results, 
recorded m table 4, support this assumption Quinidme was not included in 
this study because of its failure to respond satisfactorily to the silicotungstate 
method of determination In table 4 tho average figures for quinine dihy 
drochlonde for both 30 and 00 minute periods in both dogs are Included for 
convenience m making comparisons 

The data in tablo 4 ore of Interest in connection with the observations of 
Hiatt (9) who has recently reported on the plasma concentrations of the four 
common cinchona alkaloids resulting from administration by mouth of the 
free bases As compared with quinine quimdlno and cinchorudme which 

TABLE 4 

Absorption of Uudihydrx>dtlondtt of cindsomnt cinchonidme dikydroqwiidine and 
lotaqutne in vraler from itoloted intutinal loops of l\m dop* 

Dose of eech cnlt equivalent to 2013 mfm. anhydrous quinine sulfite per k| body 
weight (table 2) 


cmrmA cnmroofD r»i» 
U**TT>OC»LQ*It*) 

LXXOT® 07 EXramtlMT 

roojuoi ukuu 

Do* I 1 

Dot n 

Quinine 

n! 

30 

2J 8 (av ) ' 

31 1 (»T ) 


60 

33 6 (*r ) 

40 7 (*▼ ) 

Gnchonine 

30 

41 2 

33 2 


GO 

57 6 

64 0 

Qncbonidlne 

30 

36 2 

1G 3 


60 

45 *» 

35 6 

DihydroquinJdine 

30 


34 4 

ToUqulne 

SO 


85 6 


figures of comparable order, cmchanine was reported as outstanding by 
of its havmg produced plasma values bo low as to be almost negligible. 
These results are obviously at variance with ours listed above, for this alkaloid. 
However it should be noted that we used cinchonine dihydrochlonde In our 
measurements of the speed of Its disappearance from the loop whereas Hiatt 
“dmimatered the alkaloid as the free base Judging from our results with quinine, 
we should expect the free base to be much less rapidly absorbed than the dihy 
drochlonde The possibility of differences in the r61e of metabolic destruction 
*hould also be considered. "We plan to investigate further the apparent dlf 
ference between these results. 

CONCLUSIONS 

1 Data are presented showing the effect of increasing concentrations of 
Bodmm chloride on the solubility of quinine cinchonine and cmc honldm e eul 
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fates and on quinine free base Each of the above sulfates shows increasing 
solubility as the sodium chloride content of the solution increases, with a maxi- 
mum solubility at a sodium chlonde percentage which vanes with the compound 
studied No such curve is obtained with quinine free base, in this case the so- 
dium chlonde is practically without effect 

2 The relative rates of absorption of quinine sulfate, q uinin e dihydrochlonde 
and quinine free base from isolated intestinal loops of four dogs are recorded for 
varying penods of time 

3 The amount of the compound absorbed does not bear a linear relationship 
to time, even when an ample supply remains m the loop The rate of absorp- 
tion greatly decreases during the second and third half-hour of the experiment 
More rapid preferential absorption of the acid combined with the alkaloid ib 
not a vahd explanation of this effect 

4 Although sodium chlonde, in concentrations up to 4%, markedly increases 
the solubility of quinine sulfate, the presence of sodium chlonde m the loop 

i causes no increase m the rate of absorption of the alkaloid 

5 Data are presented on the relative rates of absorption of the dihydro- 
chlondes of cinchonine, cmphomdme, dihydroquimdme and “totaqume” from 
the loops of the dogs used in this work Very little significant difference exists 
between the rates of absorption of any of these compounds and quinine dihy- 
drochlonde, although the highest figures were obtained with cinchonine 

The authors wish to acknowledge the assistance of the Samuel S Fels Fund in 
providing means for carrying out this work 
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Several previous bacteriological investigations have been reported on the prop- 
erties of certain furan compounds, McGuigan (1) found 5 phenol coefficient of 
0.26 for furfural using E iyphi as the test organism According to Kaufman (2), 
furoic acid (0.6%) was germicidal for E coh m five minutes and higher concen 
traticms had the same action on S aureus , but salts of the add were inactive 
He concluded that the antibacterial properties of foroic acid resembled those of 
bentoic acid. A further study of the bacteriological properties of furoic acid by 
Calloway, Gilman and Werkman (3) showed that several oom pounds m a aeries 
of alkylated furoio acids wore germicidal Phatak and Leake (4 6) reported 
that 2-furan mercurial compounds furan compounds containing carboxyl groups, 
and condensation compounds of furan and phenol were all bactenddal 

The present report represents an investigation of the bacteriostatic action of 
some simple derivatives of furan most of which have not been previously studied 
in this respect. Prelimmaiy work re\ ealed that compounds con taming a nitre 
group attached to the furan nucleus were bacteriostatic An extenan e senes was 
prepared and in manj cases, the non nitrated analogue was m eluded for com pari 
son 

The compounds listed m tables 1,2 3 and 4 may be conveniently considered 
m derivatives of four simple furan compounds. This view was employed in de- 
ciding on the series to bo prepared for this study and served to establish a system 
for the evaluation of the compounds The four simple compounds chosen were 
furan, 2-furaldehj de, 2-furfur} I alcohol and 2-furoic acid Ethyi-0-furacryIate 
was included in the table with the other derivatives of furoic acid because it 
was the onlj derivative of 2-furylacrylic acid tested 

Forty two compounds were prepared and tested for their bacteriostatic action. 
Twenty five contain a mtro group in the 6-podtion Seventeen of these were 
compared with the corresponding simple derivatives with a hydrogen atom in the 
6-position Since 2-mtrofuran still has the 5-poeition occupied by a hydrogen 
*hxn 2 5-dmltrofuran was also prepared. Methods of synthesis of a majority 
of the compounds have been described previously The compounds listed below 
which have not been previously reported were prepared by methods already 
described for similar compounds 

RxPBXiHrxTAL. BtxmlnB of 5iapArio«>cxrH* awtut Streptococci* kcmolyUcv* Diplococcu* 
P***mo*ias type I, EbtrthtUa lypA» E*ch*rUhia coll ud Pttudomona* pyocyoneo were 
employed u tie test organ Urn* All teets were done La beef Infusion broth eantsinlnj 10 
P««ent norms! horse serum foe tests on the pneumocooens 
11 



TABLE 1 

Baclenotlahc action of some derivatives of fitrcm 
Minimum bacteriostatic concentration in mgm % after 24 and 96 hours incubation 



TABLE 2 

Bacteriostatic action of some derivatives of S furaldchyde 

Minimum bactonostatic concentration in mgm % after 24 and 96 hours incubation 
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The compound* were dissolved in iterfle b*«f infusion broth by warming and filtered 
through sterile Bcrkefeld filter* Ten cc quantities of the desired concentration* In broth 
were pUeed In sterile culture tubee for testing Compound* were tested up to their mail 
mum solubility in broth where this did not exceed 100 mgm % Substances more soluble 
were arbitrarily limited to a maximum test concentration of 100 mgm. % In thi* manner 
no compound lowered tho pH of the test broth much below neutrality whioh would have 
occurred if furolo or nitrofurolc acid had been used m higher concentrations 

The Inoculum consisted of organisms from eighteen hour cult tires in beef infusion broth 
containing 10 percent normal home eerum for the pneumococcus and streptococcus The 
tlxeof the inoculum for the testa Hated in the following tables was 10 000 to 20,000 organisms 
Incubation waa carried out for four days st 37 *C with dally observations of the results 
Estimations of bacteriostatic action were made by visual examination of the test medium 
for lack of growth or by comparison of the turbidity caused by growth in the medium eon 
talcing the teet subetanoes with appropriate control cultures The twenty four hour read 
top in the following table* represent the minimum concentration of compound which 
limited growth to fifty per cent of normal growth In that time period The ninety -six hour 
readmp denote the minimum concentration capable of preventing any visible growth 
during the four day period 

Tho data In tables 1,2 3 and 4 demonstrate the value of the nitro group for 
the bacteriostatic action of simple derivatives of furan Of tho seventeen non 
nitrated furan compounds tested only three — compounds XX, XXI and XXII 
in table 3, the acetic, propionic and butyric acid esters of 2 furfur} 1 alcohol — 
were bacteriostatic under the teet conditions The addition of a nitro group in 
the 6- position in tho fourteen inactive compounds conferred definite bacterio- 
static properties on them and m general, increased the nctivitv of the three 
non nitrated alcohol esters mentioned above. Also, seven more mtrofurandenva 
Uvea tested all showed bacteriostatic action Only one such derivative of tho 
total of twenty fivo tested was inactive, compound XXXIX table 4 n-butyl 
5-nltro-2-furoate which maj have been due to its low solubility in broth which 
was leas than 1.5 mgm %. It waa tested only as a saturated solution which 
was not bacteriostatic. This compound was the single exception to the general 
activity in tho nitrofuran senes The bacteriostatic effect produced by the addi 
Uoo of a nitro group to the inactive furan compounds in this senes waa the least 
pronounced with furoic add Compound XXXV, mtrofuroic acid averted a 
hactenoetatic effect on four of the six strains tested only at the maximum con- 
centration employed 100 mgm %, and was inactive on Ps pyoq/anca Actually 
further tests not given hero showed that both furoic add and nitrofurolc aad 
m concentrations of 150 mgm % were bacteriostatic but such concentrations 
^ver the pH of the test broth considerably below the optimum range for growth 
*hkh maj be responsible for their bacteriostatic properties at these concentre 
tictns 

A* a group the nitrofuran compounds were least effective In inhibiting the 
growth of Ps pyocyanea. In general, they effectively limited the growth of tho 
other five speaea tested, although the minimum bacteriostatic concentration of 
the individual compounds for the various species v aned considerably Several 
compounds for example, VII VIII IX and X m table 1 XVI In table 2 and XL 
in table 4 were consistently active against all five species in low' concentrations. 
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Compound XLII, 5-mtro 2-dibuty 1 furamide was the only compound in the 
senes which was active on the Gram positive cocci but ineffective at its maxi- 
mum concentration m broth on the Gram negative forms tested 
A further consideration of the nitro compounds will lead to the general con- 
clusion that the minimum bactenostatic concentration of the ketone dcnvativcs 
of furan in table 1 and the denvatives of 2-furaldehyde in table 2 are on the the 
whole lower for these five strains than are the denvatives of 2-furoic acid m 
table 3 and 2-furfuryl alcohol m table 4 Furthermore, with the exception of 

TABLE 3 

Bactenostatic action of some denvatives of t-furfuryl alcohol 
Minimum bactenostatic concentration m mgm % after 24 and 96 hours incubation 

E "U- 

R, - 


COMPOUND 

s auhui 

ET* 

KEHOLmCUi 

D TKTV 

V OXI AT I 

Z TYTHI 

Z CO u 

rt 

ftocyaxxa 


24 

96 

24 

96 

24 

96 

24 

96 

24 

96 

24 

96 

XXX R, — CHiOH 

>100 

>100 

>100 

>100 

>100 

>100 

>100 

>100 

>100 

>100 


■ 

XX. Rt- 
CHiOOCCH* 

100 

100 

100 

100 

>100 

>100 

100 

100 

100 

100 


n 

XXI Hi— 
CHiOOCCiHi 

25 0 

50 0 

10 0 

20 0 

100 

100 

23 0 

100 

20 0 

25 0 

25 0 

I. 

XXII Hr— 
CHiOOCCjHi 

xxxrr r,- 

20 0 

20 0 

20 0 

>20 0 

>20 0 

>20 0 

>20 0 

>20 0 

>20 0 

>20 0 



CHiOCIIi 

>100 

>100 

>100 

>100 

>100 

>100 

>100 

>100 

>100 

>100 



XXIV Hr— CHiOH 

5 0 

10 0 

1 25 

Kfntii 

2.5 

40 0 

0 2 

0 5 

0 5 

0 5 

2 5 

20 

XXV Rr- 
CHjOOCCHi 

20 0 

100 

l 0 

100 

10 0 

>100 

1 0 

2 5 

5 0 

5 0 



XXVI Rt— 
CHiOOCCtHi 

20 0 

25 0 

20 0 

50 0 

so 

20 0 

2 5 

5 0 

10 0 

10 0 

100 

100 

XXvlL Rj— 
CHiOOCCiHt 

\xvhl Hr- 

20 0 

20 0 

5 0 

20 0 

1 0 

10 0 

2 6 

2 5 

20 0 

20 0 



CHiOCH* 

10 0 

20 0 

5 0 

20 0 

5 0 

20 0 

1 0 

1 0 

2 5 

2 5 





mtro furoic acid itself, the nitro denvatives of furoic acid are generally more ef- 
fective than the alcohol denvatives Vanous Binglo exceptions to these generali- 
zations are apparent from a thorough study of the four tables 

The twenty-four hour readings recorded m the preceding tables representing 
inhibition of growth to at least fifty per cent of growth in control cultures are 
clearly a measure of the bactenostatic activity of the nitrofuran compounds 
For a majonty of the compounds, however, the ninety six hour readings indicate 
that a higher concentration is required for complete inhibition of growth for that 
time penod This failure of growth to occur after such prolonged incubation 
suggested that the higher concentrations of some of the nitrofuran compounds 
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furyl methyl ketone (VII) 5-nitro-2 furaldehyde (XV) and 6-mtro-2-furfuryl 
Pfopionate (XXVI) were also bactericidal since they were capable of sterilizing 
inoculum which had been added This point was more clearly indicated 
^ith 6-rutro-2-furfurj 1 propionate and in addition some idea of the time required 
for this sterilizing action was determined in the following experiment 
The compound was mixed in broth as described previously and in the concen- 
trations shown in table 5 Broth was used as a control All tubes were in 
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oculated as indicated from an eighteen hour culture of S aureus and at intervals 
up to fortj -eight hours, 1 cc quantities were remo\ed, and after proper dilution, 
added to and mL\ed well with nutrient agar in Petn dishes Alter fortj -eight 
hours incubation colonj counts were made 
The results of the abo\ e experiment shown in table 5 substantiate the pre\ lous 
proof that 5-nitro 2-furfuryl propionate is bnctencidal as veil as bacteriostatic 
Concentrations of 25 mgm % or more, complete^ sterilized the medium in 
twentj four to fortj' eight hours, while 20 mgm %merel\ inhibited growth for 
twentj -four hours 

It seemed impractical to attempt a determination of the bnctencidal proper- 
ties of all the compounds tested because of the time and effort required to appfy 
either of the above tests to each compound In \ieu of these results it was as 
sumed that concentrations of nitrofuran compounds w Inch completelj inhibited 
growth for ninetj'-SL\ hours w ere bactencidal 

TABLE 5 


Bactericidal effect of S-mtro-S furfuryl propionate on Staphylococcus aureus 
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0 

4 

i 

24 

AS 
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100 
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20 

30 

none 
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50 
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50 

20 
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25 

2S0 

750 

1,210 

10 

none 

20 

250 

2,600 

2,960 

112,000 

>100 million 

Control broth 

300 

620,000 

100 million 

>100 million 

>100 million 


The unfaiorible effect of a large inoculum on the in nlro nntibnctenal action 
of certain t\ pes of chemical compounds suggested the studj of this factor on the 
bactenostatic and bactencidal action of nitrofuran compounds The expen- , 
mental procedure was the same as desenbed earlier foi the bactenostatic exam- 
ination of these compounds except for the size of the inoculum In this expen- 
ment, the inoculum consisted of 0 1 cc of an eighteen hour culture of fh e of the 
same organisms emploi ed pret loush Ten of the nitrofuran compounds lusted 
m tables 1, 2, 3 and 4 were tested under these conditions, the four tj pes of denva- 
ti\ es being represented bj at least tw o compounds 
The results of this expenment listed m table 6 demonstrate the effect of the 
inoculum size on the bactenostatic action of mtiofumn compounds A com- 
parison of these data with the results in tables 1, 2, 3 and 4 shows that in almost 
e\ erj' instance, igrcatei concentration of the mtro dematnes of furan, 2 furalde- 
hjde and 2-furfurjl alcohol was required to exert a bactenostatic effect The 
action of mtrofuroic acid and its ethi 1 ester w us abolished under the conditions of 
this test e\ cn at their maximum concentration in broth In addition, the maxi 
mum broth concentration of etlijl 5-nitro-j3 furacrjlate failed to show bacteno- 
static action on E coli when a huge inoculum was emplojed, although it was 
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Ucteriostatio for the other four test oj-gun is ras From these results it is apparent 
lh5t a largo inoculum distinctly reduced the bacteriostatic action of mtrofutan 
derivatives, especially so on mtrofuroic acid and its derivatives It has already 
been pointed out that mtrofuroic acid was among the least effective of all the 
derivative* in the original test so that the iocs of activity noted above with this 
compound was not as groat as with the other two compounds which were ef 
festive m tho original test at much lower concentrations 
A further study of the bacteriostatic properties of furan derivative* was made 
employing E coft grown m n synthetic medium devised by Bliss and Long (0) 

TABLE 6 


£/td of a largt inoculum on bodcnottaUc adw» of ttn nitro furan compound* lultd m 
labUt 1SS and k 

Bifitcriartatic concentration in tngm. % aftor at and 96 hoan incubation 
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medium The activity of the nitrofuran compounds was increased on the aver- 
age from two to ten fold while the most remarkable enhancement occurred with 
di-nitro furan which gave a fifty-fold increase As far as could be determined by 
an examination of the cultures and counts of viable organisms, the growth in the 
synthetic medium was not inferior to cultures in broth It was therefore sug- 
gested that the e nhan cement of the bacteriostatic activity of nitrofuran com- 
pounds in this medium is due to the absence of specific substances present m 
broth which interfere with the activity of the compounds A search for such 
substances is now under way 


SUMMARY 

A survey of the in mJ.ro bacteriostatic action of forty-two furan compounds, 
including derivatives of furan, 2-furaldehyde, 2-furfuiyl alcohol and 2-furoic 
acid has been presented It disclosed that with a few exceptions, the presence 
of a mtro group in the 6-position of the furan ring conferred considerable bacterio- 
static action on such derivatives Twenty-five compounds of this type were 
tested and twenty-four showed bacteriostatic activity m varying degrees The 
smgle ineffective compound was tested as a saturated solution in broth which 
contained less than 1 5 mgm % The specificity of this group in activating these 
sample furan compounds was indicated by a comparison of seventeen nitrofuran 
compounds with their non-mtrated analogues Fourteen of the latter, entirely 
inactive under the test conditions were bacteriostatic when a mtro group was 
introduced into tho 5-position, while the action of three slightly active deriva- 
tives was considerably enhanced by the same process The action of the mtro 
group was least effective with mtrofuroic acid Tho bacteriostatic action of the 
nitrofuran compounds was effective against both Gram positive and Gram 
negative organisms, bang least active m inhibiting the growth of Ps pyocyanea 
An examination of the antibacterial action of several of the nitrofuran com- 
pounds by subculture and plate count methods showed them to be slowly bac- 
tenadal m high concentrations, while lower concentrations were merely bacterio- 
static ior twenty-four hours or longer Both of these activities were decreased, 
and m some cases, completely abolished when large mocula were employed 
The enhancement of antibacterial action when tested m a synthetic medium 
suggested the existence of specific substances in broth capable of inhibiting both 
the bacteriostatic and bactericidal action of the nitrofuran complex 
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Snce 1929 when Fleming (1) first noted the production of an antibiotic sub- 
ttance by PemcUhwn not alum, many similar mold produota have been observed 
by other worker*. However until the work of Wilkins and Harris (2) in 1942, 
no systematic search for such subatancee was reported At the time of their first 
paper, covering 100 fungal species, these author* did not fed justified in giving the 
details of the method used. Thar second report (3) on another 100 fungal 
ipecu* refers to the method which was published shortly thereafter (4) Waks- 
msn and Horning (6) have reported on the antibiotic activity of a large number of 
antagonistic fungi isolated from soils, manures composts and other natural 
substance* Atkinson (6) hss since presented a similar study on 39 penicfllia 
isolated from fruits and other sources In a subsequent paper (7) her methods 
»re described m detail. 

Wilkins and Hama havo suggested two qualitative methods The first is to 
"grow the fungus to be tested on an agar plate and when the colony is about one 
inch diameter, to flood the plate with a suspension of the bacteria to be inhibited 
and mcuhate at 37 C Any inhibitory substance produced by tho fungus dif 
fuses into the agar and there is a dear baotena free xone around the edges of the 
oolemy H We have found the following objections to this mothod (a) some 
fungi grow go rapidly that they may cover the entire plate before reaching the 
stage in their development when an antibiotio substance is discharged (b) in 
at least one Instance we have obtained usmg this method a positive test on 
ooe day followed by a negative on the next Apparently the substance produced 
*aa rapidly deetro> ed positivity or negativity therefore depending upon the 
ff® 1 ® of flooding 

The second method which they suggest is by pouring plates of nutrient agar 
b^rporated with a bacterial suspension and when cool putting a few drops of the 
substance to be tested on the surface of the agar A pomtivo result l 3 indicated 
by a bacteria free area around the site of the drops The difficulty here is choos- 
iug the proper time at which to test the mold substrate To say with certainty 
that a mold produces no substance exhibiting antibacterial activity samples 
*wdd have to be taken at repeated intervals over a penod of days with tho risk, 

each templing, of contamination or of sinking the floating mycelium in the 
fupfld media. 

Waksman and Homing (6) likewise use agar plates and their procedures differ 
essentially from those described above only m the fact that the bacterial organ 
are added either before mold inoculation or at a very early stage in the fnold 
19 
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activity, are shown m table 1, experiment 3 Antibiotic activity was exhibited 
over a wide pH range 


SUMMARY 

A simple method for the qualitative search for antibiotic substances produced 
by molds is proposed 

The results obtained by the use of this method are not dependent upon oc- 
clusion of the bacterial culture surface by the molds or upon the pH produced by 
the molds, and are m all probability a direct measure of the production of anti- 
biotic substances 
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The relaxation produced by some of the morphoimo derivatives (S-com 
pounds) in isolated intestinal and u tonne segments and in the intestine of 
Anesthetized dogs (1) seemed to warrant further study of the antispasmodic 
potentialities of this type of compound in unaneathetued subjects Dogs were 
chosen for those studies. 


METHOD 

Dogs of both sexes were prepared surgically under pentobarbital-ether anes- 
thesia Operations included Thiry Vella loops, ileostomies and cecostomies 
In several instances all three procedures were simultaneously performed in the 
same animal m order to allow for study of parallel responses of different regions 
of intestinal musculature to the drugs concerned. Approximately two weeks 
elapsed for recovery before studies were begum The dogs were trained to lie 
quietly with vary little restraint and intestinal motility wns recorded kymo- 
graphicall> by means of the well-known balloon manometnc dosed system 
technique (2) Single and double thickness condoms were tied to a catheter 
in which many holes had previously been cut to allow for ready transfer of air 
introduced into the dosed system. Twenty to thirty cc. of air for ileal regis- 
tration and from 50 to 120 cc for colonic recording usually sufficed to produce a 
desirable degree of distention of the balloons when in place m the intestinal 
lumen, so that motility changes could be registered from a U tube bromoform 
manometer (fig 1) Prior to medication the patterns of nor m al intestinal 
activity were established for all dogs mduded m this senes Control observa- 
tions endured for penods ranging from two to six hours these intervals con- 
forming to those of medication. 

Experiments were fust performed after a fast of twelve to eighteen hours but 
no significant changes in kymographio tracings were noted between fasting and 
non-fasting subjects and hence no special precautions were usually observed 
in our later experiments. 

At first all drugs, expressed m terms of milligrams per kilogram were ad- 

1 This presentation represent* part of the antispasmodic program which Is supported by 
» research grant established In this department by Parle Dans and Company 

* This section of the project Includes the data submitted In theels form to the Graduate 
Faculty of Wayne University in partial fulfillment of the requirements for the MB decree 
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ministered cither subcutaneously, mtmmuscularty or intravenously but for 
the greeter part the} were inserted directly into the lumen of the bowel by way 
of one of the stoma The latter was accomplished by attaching adjacently a 
French catheter % 10 which delivered solutions at the terminal end of the 
balloon- Hie S-comjKnmds (table 1), of which B-14 (/S-4-morpholine6thyl- 
chlorodiphenylscctatc HC1), 8-10 (^-(^-4Hnorphohne6thoxy)-ethyldjpheny]- 

acetate HC1) S-28 (£-0-dimetbyl-7-4-morpholinepropyldipbenylacetate HC1) 
and 8-29 (i^morpbolmehoxyldiphenylacetate HC1) appeared to be moet 
promising (1), were administered before and after such drugs as morphine and 
l-nMjthyM-phenylpipcndmc4-carboxylic acid ethjl ester HC1 (Demerol, 
Wlnthrop) As our standard for purposes of evaluating spasmolytic poten- 
tialities of the new morphobno derivatives, /J-diethylaminoSthyldjphenyl- 
ncetato HCl (Trasentin Ciba) waa employed 

TABLE 3 


Lytle effect* of S-compcmnd* on morpkin « $patm* 


no 

DQ3AOX 

UCM./T0 

I I* 

KOKFHOT Brrou 3-CCUPCCK0 
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10 

3 

3 
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l 
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■ 

s-ta 

10 
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S 

1 

n 

*0 

1 

1 

1 


40 

1 

1 

s 



RESULTS 

The data reported here were gained from 183 experiments performed on 
eight dogs and are summamed in tables 2 and 3 
Intravenous injection of tho 8-compounds rather frequently induced emesis 
and evidence of general discomfort so that direct insertion of the drag into the 
bowel loop m doses of 6 to 40 mgm in 1% or 3% solutions soon became routine 
Procedure. Since the relaxation produced by the B-compounds tiUrtwawutly 
*as transient and was complicated by cmetio reactions no valid conclusions as 
to sctispa-TOodic action could bo based upon the variable effects observed. 
On the other hand tnlraloop administration was always well tolerated without 
ff ddence of any type of discomfort and since the gastrointestinal route of ad- 
ministration is that metft probable of choice clinically, direct insertion of these 
drugs mto the fistulae seemed appropriate 
Of the 8-compounds studied, 8-28 and 8-29 were most effective m producing 
•ome quiescence of intestinal activity after mtraJoop administration. In some 
^stances tone was depressed more than periodic contractions but frequently 
the fatter were inhibited more than tone. In 24 of 104 experiments or in 23% 
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normal dog (5a) but usuallj causes relaxation m the spastic bowel (5b) In 
several experiments an imtant in the form of Peppermint Water (U S.P XII) 
was inserted directly into intestinal loops which were undor the spasmolytic 
influence of S-28 and S-29 This imtant elicited its usual, anticipated (6) 
augmentation of intestinal activity 

One of our dogs was hvpertensive w ith a rather uniform arterial tension of 
196/102 which persisted for several months after having been treated m a senes 
of dogs with Yohimbine HC1 (7) The results obtained from 34 experiments 
on this dog in this investigation seemed to indicate that there is no difference 
in response of the intestines of normal and hypertensive animals 

DISCUSSION AND COMMENT 

The locus of pharmacologic action of the compounds m this senes has as yet 
not been determined However, since these drugs are effective in isolated 
tissues (1) as well as in vivo, a predominantly peripheral aot.ion seems plausible. 
Whether they have actions similar to those of cocaine, atropine, epinephrine or 
like those of nitntes and papavenne has not been definitely determined Since 
they do not prevent activation of the intestine by such a volatile imtant as Oil 
of Peppermint they seem to differ from cocaine in that local desensitization of 
sensory components in the intestinal mucosa is not produced by the S-com- 
pounds in the doses employed It appears that they may resemble atropine or 
papavenne since they dimmish but do not entirely nullify the*stimulating action 
of pituitnn (1) or morphine 

Some structural relationship in Chemical configuration would suggest an 
atropine-like action of these morpholmo derivatives (fig 3) However, previous 
experiments (1) tend to suggest that a myotropic rather than a neurotropic 
type of action is characteristic of these compounds Furthermore, other 
experiments (8) which are to be reported m detail later, indicate that these 
agents in intravenous doses of 10 to 40 mgm have little, if any, anticholinergic 
action on salivation in urethanized cats and this -would seem to preclude a 
'generalized atropme-hke action of these S-compounds 

It is also unlikely that the morphokno-denvatives behave like epinephrine 
since there have been no manifestations of associated epinephrine-like responses 
such as vascular constriction (1), even after intravenous injection of doses as 
large as 20 mgm Arterial tension is momentarily reduced rather than elevated 
The evidence thus seems to favor the concept that these new spasmolytic 
compounds of morphohno structure approximate nitntes or papavenne in 
their pharmacologic action on intestinal musculature Extension of this 
investigation will include studies with extrinsically denervated Thiry-Vella 
loops and especially prepared intestinal segments divorced from then intrinsic 
nerve plexuses (9) It might also be desirable to study cholinesterase and 
amineoxidase activity within the systems involved 

Cluneal appraisal of S-28 and S-29 seems warranted on the basis of results 
presented and also on the basis of relative toxicity (1) The M-LJD 50 figures 
as determined m this laboratory are as follows after intrapentoneal injection 


4-uobphounealxtl esters 29 

in -white mice Trasentm, 185 mgra S-29 435 mgra and S*28 2000 plus mgm 
If three toxicity figures prevailed or were of the same order in man the desira 



Fia 3 Arson we awd Awaloottz* 

bflity of tho latter compounds would be readily apparent- The clinical assay 
of their spasmolytic activity Is now in progress 

CONCLUSIONS 

1 In unsnccthetlxed, trained dogs with ileostomy and colostomy the S-com 
pounds, B-28 (^-dimethj 1 7 - 4 -morphoTmepropyldiphenylacetate HC1) and 





30 


ROBERT O BAUER AND FREDRICK F YONKMAN 


S-29 (o>-4-morphohnehexyldiphenylacetate HC1) are spasmolytic after mtraloop 
insertion, in 1% and 2% concentrations m doses of 10 mgm The degree of 
spasmolysis is somewhat better than that produced by similar doses of Trasentm 

2 The S-compounds in doses of 20 to 40 mgm are still more effective, as one 
would anticipate, than Trasentm m a dose Of 10 mgm Toxicity figures are 
more favorable for both S-28 and S-29 than for Trasentm and clinical trial 
seems warranted on this basis of comparison as well as m terms of spasmolytic 
potency per unit of drug 

3 S-28 and S-29 may prevent the inception of moiphine spasm and m well 
tolerated doses may frequently lyse such spasm 

4 The S-compounds, S-14, S-19, S-28 and S-29, are not too well tolerated by 
unanesthetized dogs after intravenous administration. This may be due to the 
transient hypotension produced 

6 The pharmacologic action of these S-compounds on smooth muscle see m s 
to simulate more nearly that of papavenne and nitrites than that of atropme, 
epmephnne or cocaine 
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A 4' Diamidino stflbene (NHj<NH )C C4H4 CD CH C,H< C( NH)NH,) 
trade name stilbamidme, has been introduced b> lorke and his colleagues (1) 
a 8 a powerful chemotherapeutic agent for the treatment of trypanosomiasis 
leishmaniasis and babesiosis The present paper describes experiments on the 
extent of its absorption b> trypanosomes m order to investigate the processes bj 
which its trypanocidal action is produced and to compare its action with that 
of trivalcnt arson! cals and of acnflavine Experiments were also made to deter 
mine the curve of its blood concentration following injection into laboratory 
animals 

Stilbamidme exerts a powerful trypanocidal action tn vitro oven in high dflu 
tion thus resembling the tnvolent arsenical* and aenflavino (i e 2 8-diammo- 
10-methyiacndinium chloride hydrochloride) but trypanosomes which have 
been made resistant to compounds of the diamidine senes, e.g. undecan ediami- 
dinc are not resistant to these latter compounds, and trypanosomes that are 
arsenical-resistant are not resistant to stilbamidme (2) In Its mode of action 
therefore stilbaraidlne must seemingly be directed towards a different point of 
the parasite a external or internal structure In a previous paper (3) it was 
shown that tnvnlent areenicals and acnflavine are actively absorbed or ‘fixed' 
by the trypanosome this fixation occurs rapidly (within a few minutes) at 
37°C and at 10°C , over a considerable range the concentration of drug inside 
the trypanosome bears a constant ratio to the concentration in the fluid outside 
the partition ratio being about 5 000 for reduced tryparsamide and about 8 000 
for acriflavme the fixation is reversible and if the concentration outside the 
trypanosome be reduced by washing the organisms the concentration inside the 
trypanosome can similarly be reduced and the first stages of the trypanocidal 
process can thus be undone Observations by means of the fluorescent micro- 
scope had already shown that stilbamidme is actively absorbed by trypanosomes 
(4) it was desired to inv estigate how far the behaviour of stilbamidme resembled 
the other features of arsenical* and acnflavine which have been described above 

Technique Stflbarmdine exhibits brilliant blue fluorescence when expoeed 
to ultraviolet light and this property can be used for its estimation The simple 
method desen bed by Henry and Gnndloy (6) was employed Briefly a drop 
of the biological fluid of which the stilbamidme concentration is to be tested 
is taken up in a standard dropping pipette and allowed to fall on to a piece of 
filter paper when dry the spot on the paper is examined under ultraviolet 
illumination and its fluorescence is compared b> visual inspection with that of 
31 
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drops of the same biological fluid (o g serum or unne) containing known concen- 
trations of stilbamidme In the present work the dropping pipette was held 
in the hand and two spots were made from each solution so as to minimise indi- 
vidual variation in the area covered by the drop Comparison of the spots is 
facilitated bj a large condenser to concentrate the raj's and suitable filters to 
reduce the amount of \ isible light present Under the conditions of the present 
expenments, readings could be made over the range 0 8 mgm to 0 0125 mgm 
per 100 cc , concentrations being distinguishable fairly easily from concentrations 
half or twice as great , intermediate concentrations could be surmised The spots 
on the filter paper form stable preparations, although presumably they should 
be kept dry and in the dark, but m the present work it was found that spots 
made with a given concentration in one experiment were not alwaj's identical 
with those of the same nominal concentration made during another experiment, 
so it is preferable to make up fresh standards on each occasion from the solutions 
emploj ed m the experiment The bnlkancj' of the fluorescence was not appre- 
ciably affected bj moderate changes of the pH of the solution 
The trypanosomes used w r ere T equiperdum, a standard strain maintained in 
this Institute, and T rhodestense, the Liverpool strain used bj Yorke and his 
colleagues The fluid medium consisted of one part of horse scrum with three 
parts of Ringer’s solution containing 0.2 per cent glucose 

Time concentration curves Trypanosomes ( T equiperdum ) were exposed to 
the action of stilliamidme in vitro at 37°C according to the technique described 
by Yorke and Murgatrojd (6), and the time required for the various concen- 
trations to kdl 90 per cent of the trypanosomes was measured If the logarithm 
of the time is plotted against the logarithm of the concentration according to 
the equation 

n log C + log t = log k, i e C’t = k 

an approximately straight line is obtained (C = concentration, y per cc , 
t = time m hours) The figures obtained in the different expenments vaned 
somewhat, but the average i alues for the constants relating to the rate of action 
of stilbamidme are 

n = 0.34, k = 3 2 

For the tiypanocidal action of reduced tryparsamide on T rhodestense n = 0 50 
and k — 2 0, for that of acnflavine n — 0 64 and k = 1 44 (3) 

Absorption of stilbamidme by trypanosomes The general conduct of the ex- 
penments was similar to those desenbed m the previous paper (3) A dense 
suspension of trypanosomes was obtained bj differential centrifuging of the 
citrated blood of a heavily infected rat, and bj emulsifying the final deposit of 
trypanosomes m equal parts of serum and Ringer-glucose 0 5 cc of the sus- 
pension was mixed with 0 5 cc of Ringer-glucose containing a suitable concen- 
tration of stilbamidme The tube was incubated at 37°C for 30 minutes 
A drop of the mixture was removed to examine the motility of the trypanosomes 
and the tube was centrifuged at about 4,000 r p m for 5 mmutes The super- 
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natant was remove^ and its BtUbamidine concentration was estimated as abenc 
2 4c c absolute alcohol containing hydrochloric acid was added to the deposit 
of trypanosomes which was stirred up the tube was incubated overnight and 
then centrifuged the concentration of stdbamidine in tho supernatant was 
measured in the usual naj the standard spots being made with stilbanudinc In 
acid alcohol 

The results of a typical experiment are gi\ en in Table I which shows that the 
trypanosomes absorb a large proportion of the stHbamidine initially present 
The absorbed stllbamidinc can be recovered bj extraction of the deposit tho 

TABLE I 


Tkt abtorpiton of t ti Uki muff ft e by trgpano»ome$ ( T rkodetunse) at 87 C Erpci*rc 
SO minvtt * 


Ttlt | 


mnm ctmera- 
TUTKW or 
inuAMiom 

mui crecnr 
nine* or 
nraucmcrc 
r* ttrrtra tArr 

et* mo nw 
C«rriAno*t o 
rnuAmoan m 
mtvactw* rmn 

Uno” 



■re +cr tfC 

per 

■re- W0 


1 

Living trypfl 

1 6 

0 6 


220 

2 

100,000 per 

0 8 

0 2-f 

0 8 

400 

3 

mm 1 

0 4 

0 1- 

0 4 

801 

4 


0 2 

0 025+ 

0 18 

1260 

5 


0 1 

0 0125 


ncoo 




(approx ) 



0 

Dead try pa aa 

0 2 

0 2 




above 





7 

Control no 

0 4 

0 4 




trypa 





8 

Control RBC 

0 4 

0 4 
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The trypanosome* In tabes 1-6 were actively motile at the end of the 30 minutes 
expo* are 

Tbe depoait of trypanoaomea wu extracted with 2 4 ec acid a)cobol and the figures in 
eolumn 6 have been corrected by multiplication by 2 4 to bring back the concentration to 
that of the original volume via 1 cc 


figures for the stflbamidine extracted from the trypanosomes plus that, remaining 
in the supernatant tend to total more than tho amount mituillj present, this 
result being due to the technical error in the estimations The control tubes 
7 and 8 show that no significant amount of stflbamidmo is loet by incubation 
with serum-Rmger glucose alone, or with moderate numbers of red blood cor 
puscles such as often contaminate tho suspension of trypanosomes Henrj and 
Grind ley found that the addition of large numbers of red blood corpuscles 
(5 million per mm 1 ns m undiluted blood) reduced tbe concentration ofetdbami 
dine in the surrounding fluid by as much as 00-80 per cent but in my expen once 
small numbers, e g 50 000 H.B C per mm 5 which are greater than those which 
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contaminate the suspensions of trypanosomes, do not absorb any appreciable 
amount of the drug Stilbamidine is not absorbed to a significant extent by 
dead trypanosomes (killed by heating to 50°C for about 3 minutes), this is 
contrary to the behaviour of acnflavine or tnvalent arsemcals, both of which 
are avidly absorbed by dead trypanosomes This small tendenoy of stilbami- 
drne to be absorbed by dead trypanosomes, taken together with the active 
motility of the trypanosomes at the end of the period of exposure (Table I), 
makes it clear that the absorption of stilbamidine is due to the living tiypano- 
somes, it cannot be explained (as is sometimes attempted for acnflavine and 
arsemcals) by the hypothesis that the drug first kills the cells and that the ab- 
sorption is merely the non-specific absorption which often occurs with dead 
tissue The figures for the partition ratio (concentration inside trypanosomes/ 
concentration outside) is calculated as m the previous paper, the amount of 
stilbamidine m the trypanosomes is given by the amount which has disappeared 
from the supernatant, eg 08 mgm per 100 cc in Tube 1, i e 8 y in 1 cc , the 
volume of the trypanosomes is obtained from the number given, the volume of 
100 million trypanosomes being taken as 2 4 mm 1 (experimental determina- 
tion) It is seen from Table I that the partition ratio tends to diminish as 
higher concentrations of stilbamidine are present 
The relation between the concentration of stilbamidino outside the trypano- 
somes and that inside for a number of experiments is represented graphically 
in Kg 1 There is a considerable variation between the different results, par- 
ticularly m the experiments with T cqutpcrdum In the previous work with 
acnflavine (3) it was found that the curve, plotted as logarithms, formed a 
straight line at an angle of 45°C for a considerable part of its course, flattening 
off with the higher external concentrations, i e the partition ratio was constant 
over a considerable range and the flattening with the higher concentrations was 
interpreted as a (hypothetical) saturation of the trypanosomes’ receptors for the 
drug In the present experiments, although there is a tendency for the curve 
to flatten off in the higher concentrations, the slope m the lower concentrations 
^ is seldom as steep as 45° The experimental vanation is too great to decide 
whether the partition ratio in this region should really have a constant value or 
not, and the question did not seem to have sufficient importance to justify 
further work on the subject Provisionally the geometrical mean was taken for 
experimental results obtained when the external concentration was in the range 
0 01-0 001 mgm per 100 cc The mean figure for the partition ratio with 
T rhodesiense (10 readings) is accordingly 1100 (170-1980) and that for T equi- 
perdurn (9 readings) is 1700 (340-31,000), the difference between the figures for 
the two species of trypanosome has no significance The partition ratio for 
reduced tiyparsamide is about 5,000 and that for acnflavine is about 8,000 (3), 
so that apparently stilbamidine is absorbed less avidly than these two compounds 
Rale of absorption The rate of absorption of stilbamidine was investigated 
by suspending trypanosomes m suitable concentrations of the compound , after 
vanous intervals the tubes were centrifuged (during which process the trypano- 
somes were m effective contact with the drug for 2-4 minutes) and the super- 
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natant removed, its stilbamidme content bemg estimated in the usual way The 
rate of absorption varied considerably m the different experiments, but a typical 
result is shown in Table II On this occasion at 37°C 87 per cent of the com- 
pound was absorbed in 10 minutes plus the period of centrifuging, usuallj a 
period of 5-13 minutes was required for half the compound to be absorbed 
At room temperature measurable absorption rarely occurred even in 30-45 min- 
utes With acriflavme, absorption is rapid both at 37°C and 16°C , 1-5 minutes 
sufficing for most of the drug to be removed (7) , with reduced tryparsamide, 
absorption is similarly rapid (8) Stilbamidme is absorbed more slowly than 
either of these two compounds, the negligible absorption which occurs at 
18°C bemg especially remarkable 

Reversibility of absorption The attempt was first made to demonstrate the 
reversibility of absorption by the direct method of showing that the stilbamidme 

TABLE fa 

The rate of absorption of stilbamidme by trypanosomes Initial concentration ofshlbamidtne, 
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content of trypanosomes was diminished by washing them A heavy suspension 
of trypanosomes was taken and exposed m vitro to stilbamidme Tho suspension 
was divided into several parts, with one portion the trypanosomes were sepa- 
rated by centrifuging at once and their stilbamidme content was estimated after 
extraction with acid alcohol , m the other port ions, the trypanosomes were washed 
several times and their stilbamidme content was estimated No significant 
diminution of stilbamidme content could be demonstrated after washing three 
times However, calculations based on the partition ratio showed that the 
volume of washing fluid, which was practical to handle, was too small for any 
significant removal to be expected Accordingly the reversibility of absorption 
was investigated by an indirect method depending on the conception that, if the 
combination between drug and trypanosome is reversible, the presence of un- 
absorbed drug in the medium will be necessary to prevent the drug diffusing 
back out of the trypanosome agam 

Experiment A Nines of parallel tubes were set up containing trypanosomes, 1,600 per 
mm 'and stilbamidme, 0 4 rngm per 100 cc These were incubated at 37°C for various 
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periods and then centrifuged tho deposit of tr\-pcno»ome* wua washed once with diJafo 
serum and enough fresh medium waa added to bring tin? volume back to Ita original dlmen 
• icma The ■ urrlvnl of the trypanosome* was followed by making frequent counta and the 
finding 1 ! were plotted M time action curves Fig 2 ahowa the curve for aelected tube* vi* 
tho tube with unwaalted trypanoeomra a tube with trypanoaomea washed after 20 minute* 
and a control tube without drug treated in tlie game waj The number of organism?! In the 
tubea fa expressed na a percentage of the number fe and after waaldng and adding freah 
medium 

Those curves show that the trypanosomes left m contact with the drag are 
almost all dead in 2\ hours but that most of those which had been exposed for 
20 minutes (during which period the} had time to absorb the compound and to 



Fia 2 Showing the turvlval of t n jtauoeomr* after exposure to atlibomldine If eeatri 
fuged ofT waa beef and auapended in freali medium Concentration of atlibomldine 0 4 
mgm per 100 oc Duration of exposure, 20 minute* Temperature 3^*C Tnitfaf number 
ol trypan oaotnea 1,W0 per mm 1 

come into approximate equilibrium with the environment) and then washed 
lived almost as well ns the trypanosomes m the control tubes It is concluded 
that the drag which had been fixed bv tho trypanosome* in the first part of the 
experiment has been washed out again during the second part and that the 
fixation of stllbamidine is revcrsiblo as is that of tn\ alent orserucals and acrl 
flavine However the reversibility of fixation is less cam to demonstrate for 
stflbamKhne than it a for reduced Iryparsamide and for acn flavine and prob- 
ably it occurs lens readily with utilhanudinp tlmn with the two latter compounds 
Absorption of tdilbamdtne by trypanosome* tn nro Tins lias alreadj been 
demonstrated b> Hawking and Smiles (4) who showed that when an infected 
moUKe was treated with stllbamidine and a thin film of the blood was spread 
on a glass slide the trypanosomes were bngbtb fluorescent if examined with 
ultra violet light Further proof of the absorption tn rtro was obtained in the 
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Fig 3 The plasma concentration of stilbaimdine in mice following intrapentoneal 
injection of the compound The circles indicate the concentrations in individual mice, 
the dots, joined by the line, indicate the average concentrations of the groups 



Time Cn hours 

Fig 4 The plasma concentration of stilbamidine in rabbits following intravenous injec- 
tion of 10 mgm per kgm Each line represents a different animal 
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present experiments Heavily infected rats were given stilbamidme 2.6 mgm 
per kgm , by in tnipen toxical injection, and they were lolled after 16 minutes 
The blood waa collected over citrate and the trypanosomes were separated off 
and extracted with acid alcohol From 4.5 X 10* trypanosomes, 0 12 mgm 
stilbamidme was recovered The concentration of stilbamidme in the plasma 
was 0.25 mgm. per 100 cc. so that the partition ratio was 4,400 but it is not 
certain whether equilibrium had boen reached This recovery of stilbamldine 
from the trypanosomes of a treated animal Is similar (in proportion to the doee) 
to that obtained with acnflavine (7) and with reduced tryparsamide (8) 

Plasma concentration of stUbarmdme tn rabbils and mice The" plasma con 
centrntion of stflbamidino following intravenous (rabbits) or mtraperitoneal 
(mice) injection of the compound was studied by collecting the blood over 
citrate, centrifuging and estimating in the usual way In rabbits great difficulty 
was encountered In obtaining the earlier samples erf blood since the drug caused 
intense vaso-constnction which persisted for 3-4 hours in mice this difficulty 
did not occur as tho mice were killed and blood was collected from the heart 
The results of these experiments are represented in Figs. 3 and 4. Assuming 
that a 1 kgm rabbit contains 62 cc blood, the theoretical concentration in tho 
blood after injection of 10 mgm atilbamidine would be 10 mgm per 100 cc. 
Similarly in mice assuming 1.2 oc blood per 20 grama the maximum concen 
tration in the blood following the injection of 1 0 mgm. would bo 80 mgm. per 
100 cc or, if the compound were evenly distributed over the whole animal the 
concentration would be 6 mgm per 100 cc From the data of Figs 3 and 4 it is 
clear that stilbamidme quickly disappears from the plasma, even during the first 
half hour after administration 

Discussion According to Clark (9) “the addition of a drug to a population 
of cells causes the following events 1) fixation of the drug by cells 2) secondary 
chemical reactions between the drug and cell constituents and 3) biological 
response to injury — m this case, death of the trypanosomes The experiments 
described above deal mostly with the first phase vis fixation As has been 
shown tho fixation of atObamidme by trypanosomes occurs moderately quickly 
there is a quantitative relation at equilibrium between the concentration inside 
the cell and that outside (partition ratio over the range of concentrations studied 
is approximately 1,400) and the fixation is (possibly incompletely) reversible 
In these and other respects the behavior of stilbamidme towards trypanosomes 
closely resembles that of trrvalent areemcals and probably it will ultimately be 
found that the mode of action of all these three compounds is of a similar type 
On the other hand as was irumtioned in the introduction, the non identity erf 
drug resistance to arsenicala and of that to diamidine compounds indicates that 
stilbamidme is fixed at a different point cm the trypanosome to the one at which 
arsenical* and acnflavine are fixed Also the fixation of stilbamidine occurs 
more slowly than that of the other two compounds and it is probably reversed 
less readily 

From the quantitative data given above various calculations may bo made 
about the trypanocidal action of atilbamidine Thus since CP**t -=« 3.2, a con 
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centration of stilbamidine, 1 9 7 per ml kills trypanosomes (1,500 per mm *) 
m about 4 hours The partition ratio for T egutperdum is 1,700 Accordingly, 
the quantity of stilbamidine absorbed bj the trypanosomes is 0 073 7 per 
million trypanosomes Therefore, the amount required to loll a trypanosome 
in 4 hours is about 7 3 X 10 - ' 7 Assuming that 1 gm 'mol contam 6 4 X 10 s * 
molecules, this would correspond to 1 8 X 10' molecules per trypanosome The 
corresponding quantities for acnflavme are 9 2 X 10“' 7 , le 27 X 10' mole- 
cules, and for reduced tryparsamide 7 8 X 10 -5 7 , 1 e 1 1 X 10 1 molecules 
per trypanosome (3) Assuming that the area covered by an adsorbed molecule 
of stilbamidine is about the same as that covered by an adsorbed molecule of 
methylene blue, viz 5 X 10 -7 sq (9), and that the surface area of a trypano- 
some, measured as a cylinder 25 a long and 1 5 g m diameter is about 120 sq n, 
it may be calculated that the quantity of stilbamidine required to kill a trypano- 
some would be enough to cover 90 sq a if spread out as a mono-molecular film, 
1 e most of the area of the trypanosome However, examination by the fluores- 
cent microscope of trypanosomes which have absorbed stilbamidine shows that 
the compound is not evenly distributed ov er the surface, but that it is concen- 
trated into the blepharoplast and certain other granules, the rest of the cyto- 
plasm and the nucleus take up little or no fluorescent material (4) 

Consideration maj be given to the question how far the behaviour of stilbami- 
dine towards the trypanosome and towards the animal host maj be correlated 
with its electro-chemical properties Stilbamidine as the salt of a strong base 
is highly ionized in dilute solution ( 6 ) and its activity might be attributed to its 
katiomc nature It has, however, been suggested (10) that the trypanocidal 
activity of long-chain amidines, guanidines and isothioureas is a property of the 
free bases liberated bj hydrolysis Acnflavme is the salt of a strong quaternary 
base which cannot act in solution except as a strong kation Reduced tryparsa- 
mide (NHj CO CH S NH C«H< As (S CH 2 COONa)i), which resembles these 
so closely in its behaviour towards trypanosomes, is the sodium salt of a weak 
acid, and in solution would function as an anion There is, however, consider- 
able evidence ( 11 ) that in solution hvdroh sis occurs at the arsenic-sulphur link- 
age, with the production of the arsenoxide-NHj CO CH- NH CJT< As = 0 
Such a molecule is weakly amphoteric, carrying as it does a weakly negative 
group ( — AsO) and a weakly positive group (■ — NH — ) Accordingly, the action 
of this particular group of compounds cannot easily be fitted into any scheme 
of anionic and katiomc types of antiseptics, which have been discussed by Albert 
(12) The behaviour of stilbamidine and of acnflavme towards the host, viz 
high toxicitj and rapid disappearance from the blood stream, is typical of electro- 
positive substances, on the other hand, reduced tryparsamide behaves similarly 
in this respect in spite of its weak electronegative charge, so that much signifi- 
cance cannot be attached to this fact 

summary 

The rate of trypanocidal action of stilbamidine tn mlro for T cquiperdum, 
under the conditions descnbed in the paper, is m approximate agreement with 
the equation 


(Concentration) 0 -” X tune = constant 
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Stilbamklme a absorbed by trypanosomes t n vitro with moderate rapidity 
When equilibrium is reached there is a quantitative relation between tho con- 
centration inside the trypanosome and that outside (over the range of concen- 
trations studied the concentration inside is about 1,400 times as great as the 
concentration outside) Absorption during its early stages is reversible Ab- 
sorption of sttlbamidme by trypanosomes also occurs in run 

It a calculated that tho amount of stilbamidine required under these expert 
mental conditions to kill a trypanosome m 4 hours at 37°C is 7.3 X 10 - * 
molecules 

The behaviour of stilbamidine towards trypanosomes is closely similar to that 
of trivalent arson i cals and of ocnflavine although the facts about drug resistance 
(2) indicate that stilbamidine is absorbed by a different part of the parasite 
from that which absorbs these other compounds 

Curves are given showing the concentration of stilbamidine In the plasma of 
rabbits and mice following intravenous or intmpcntoqea! administration The 
compound rapidly disappears from the plasma Sufficient stilbamidine was 
injected intravenously into rabbits to yield a (theoretical) concentration of 16 
mgm per 100 cc after two hours the actual concentration was about 0 05 mgm. 
per 100 cc. and after Six hours It was less than 0 005 mgm per 100 cc. 

Grateful acknowledgments are due to Miss R J Berson for technical assistance 
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SOME CIRCULATORY EFFECTS OF PRIVINE HYDROCHLORIDE 
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2-N aphthyl-1 '-methylimidazoline HC1 has been introduced as a potent 
topical vasoconstrictor under the trade name of privme, m buffered 0 1 and 
0 05 9o solutions for use as a nasal decongestant Ciystalhne pnvme hydro- 
chloride was supplied by the Ciba Pharmaceutical Co , Inc , of Summit, N J , 
for the present study 

Pnvine is of interest since it is unrelated chemically to the sympathomimetic 
amines, yet shows high activity as a vasoconstrictor Its local effects have 
been studied by several workers (1-3) No systemic toxic effects were noted 
(4) m 104 patients in whom a 0 1 % solution was applied to the nasal mucosa, 
or after instillation of this solution into the sinuses Yonkman (5) similarly 
found little systemic effect in the dog after introduction of massive doses into 
the nasal cavity or intestine However, Meier and M filler (1) note undesirable 
actions of 5 allied compounds Of these related agents, phenylamino- 
methylrmidazohne has been shown (6) to cause cardiac irregularities and di- 
minished minuto volume in the rabbit heart-lung preparation Further study 
of systemic actions of pnvme is indicated to evaluate properly the possible 
hazards in the clinical application of pnvme 

Dogs were given 30 mg /kg Na pentobarbital mtrapentoneally and supple- 
mental Na barbital intravenously as needed Kymograph records were made 
of carotid pressure and respiration In some experiments, a sensitive tambour 
was also connected to the carotid artery to magnify changes in pulse pressure 
Pressor responses to intravenous injections of pnvme vaiy m different dogs 
) Although the lowest certain pressor dose lies between 1-2 X 10 -1 mM /kg , the 
' response to 2 X 10 _I mM/kg vanes from 2-35 mm Hg with a mean of 20 4 ± 
12 5 Larger doses do not cause a proportionate increase m response 
Doses > 5 X 10~ 5 mM /kg frequently produce cardiac irregularities which 
limi t, the pressor response A rise of 45-60 mm Hg is usually found with this 
dose, but occasionally the response is less than that with i this dose With 
10 -< to 10“’ mM /kg , pnvme frequently evokes only a slight pressor effect 
Significant tachyphylaxis appears with doses of 5 X 10 -5 mM /kg It is 
usually not appreciable with lower doses, although a dog treated with repeated 
injections of 4 X 10 -5 mM /kg at 30 mm intervals showed 7 consecutive 
pressor responses of 40, 22, 16, 12, 14 and 10 mm Hg Neosynephnne m the 
same dose, given similar ly, yielded consecutive responses of 42, 38, 44 and 46 mm 
Hg while phenylpropylmethylamme HC1 (vonednne), m SOX this dose, pro- 
duced rises of 84, 70, 74, 54 and 48 mm Hg Yonkman (5) has noted that 
pentobarbitahzed dogs are particularly prone to show tachyphylaxis with 
pnvme, but the phenomenon has been noted in dogs 8-10 hours after pento- 
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barbital was gi\ on. Xa barbital was ndminibteicd to these dogs to maintain 
narcosis 



Depressor Responses to Epinephrine Following Large Doses of Priyine 
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Fio 3 Cardiac Irregularities m mi Privine in the Atropinized Doo 


Atropme sulfate, 1-2 mg /kg intravenously, does not. influence the response 
to moderate doses of prrnne Cocaine HC1, 10 mg /kg subc , does not po- 
tentiate the response Yonkman (5) states that a slight potentiation occasion- 
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of Privine on Carotid Pre8burb and Respiratio 
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ally occurs, but the type of narcosis used may govern this effect. Yohimbine 
and ethylyohimblne are said (6) to decrease but not reverse the preesor action 
of prrvme. In the present study, pipendinomethylbencodioxane 933F, was 
never found to reverse the action of pnvine when given in adrenolytic doses of 
1 mg /kg or sympatholytic doses of 10 mg /kg , but reduced it in either case 
Further, the depressor response to subsequent injections of epinephnno was 
greater by some 60% following privine. This apparent enhancement of the 
adrenolytic action of 933F by pnvine suggested that pnvmo itself might be 
adrenolytic In proper doee although small doses potentiate epinephnno, as 
noted by Yonkmon (6) A dog which tolerated large doses of pnvmo with 
out cardiac irregularities showed a strong adrenolytic action of prrvme. 

Certain of these findings may be conveniently illustrated. Figure 1 presents 
a comparison of pressor effects of pnvine and some sympathomimetic aminos 
and demonstrates potentiation of epinephrine by pnvine. Figure 2 illustrates 
depressor responses to epinephrine following large doses of pnvmo. This 
record followed a senes of alternate injections of epmephrme and increasing 
doses of pnvine, an initial rise of 64 mm Hg following 2 X 10 -4 mM /kg of 
epinephrine was thereby converted into the fall of 60 mm Hg after 10 -4 mM /kg 
of epinephrine, as noted m figure 2 The action of ooc&rne in potentiating 
epmephrino strongly and neoeynephnne less strongly ia noted m figure 4 the 
response to pnvine after cocaine is slightly leas than previous responses before 
and after atropimrabon. In figure 3, cardiac megulantles after injection of 
0 06 mg /kg of pnvine HC1 are noted, and figure 6 showB responses to doses of 
pnvmo increasing from 2 X 10 - * to 4 X mM /kg Tachyphylaxis is 
noted on the 2nd injection of 2 X 10“* mM /kg The terminal Choyncs- 
Stokea’ respiration was frequently encountered when large doses of privino 
were given 


8TJ1QIAET 

Circulatory effects of privine HC1 on intravenous injection are compared 
with thoee of some sympathomimetic amines In dogs narcotised with pento- 
barbital the minimal pressor doee is 1-2 X 10 -1 mM /kg while a maximum 
response ia usually obtained with 6 X 16~* to KM mM /kg Above this dose, 
pnvine generally causes cardiac irregularities which limit the pressor response 
Tachyphylaxis occurs at about this doee. Atropine and cocaine do not appreci- 
ably influence the action of pnvine 933F reduoes but does not reverse the 
presS b r action. Small doses of privine potentiate epmephrme but large doses 
are adrenolytic. Cheynes-Stolcea* respiration often follows injection of large 
doses. 
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THE INFLUENCE OF “HEART STIMULANTS” ON THE 
CONTRACTION OF ISOLATED MAMMALIAN CARDIAC 
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STEPHEN KROP 

From the Department of Pharmacology, Cornell University Medical College, New Yorl , A 1 
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This study w as undertaken because of 1) recurring statements in the literature 
and in pharmacology text-books that certain substances stimulate the myo- 
cardium directly to increase its force of contraction after therapeutic doses, 2) 
the lack of conclusive supporting evidence and 3) the availability of a method 
by which direct evidence might be obtained The substances investigated were 
those most commonly designated as, and used as, “circulatory” or “cardiac 
stimulants” camphor, the so-called camphor substitutes pentamethylene 
tetrazol (“Metrazol” or “Cardiazol”) and nikethamide (the diethyl amide of nico- 
tinic acid [“Coramine”]) , the xanthines caffeine, theobromine and theophylline, 
banum chloride, and epinephrine and ephednne 

Most previous work bearing on this problem has been earned out either on 
intact animals or on isolated heart or heart-lung preparations Obviously, the 
several factors governing the force of the heart in situ, and even in the isolated 
heart preparations, cannot be completely controlled and consequently the pe- 
ripheral vascular, nervous, and coronary actions of these several drugs could not be 
separated from any direct myocardial action which they may possess The iso- 
lated papillary muscle method of Cattell and Gold (1) permits elimination of these 
uncertainties in the interpretation of data bearing on drug action directly on 
} mammalian heart muscle 

Method The test object used m this study was the papillary muscle of the 
right ventricle of the cat heart The preparation was the same as that used m 
demonstrating the action of digitalis glycosides in augmenting the force of failing 
heart muscle (1) The muscles were usually used soon after excision, but some- 
times they were stored m the refrigerator m Locke’s solution 3 to 24 hours before 
use The muscle preparations were made to contract by electrical stimulation 
at a regular rate of 35 to 40 per minute at constant resting or “diastolic” tension 
Photographs of the tension response n ere taken at intervals determined by rate 
of change and were plotted against time When the contractile force had be- 
come stabilized at a given level or was falling but slightly, the drug was added 
m an amount sufficient to give the desired concentration in the Locke’s solution 
without uncovering the muscle It should be emphasized that varying degrees 
of failure were present under these conditions and therefore provided favorable 
conditions for the demonstration of stimulant action To test the responsiveness 

1 Taken in part from a dissertation presented to the Graduate School of Cornell Uni 
versity in partial fulfillment of the requirements for the degree of Doctor of Philosophy m 
September 1942 
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of a muscle preparation to an adequate stimulus, epinephrine in 1 1 million or 
1 10 million was applied terminally 

An effort was made to relate the concentration of a drug resulting m an In 
creese of 'systolic tension to the concentration estimated to be present in man 
following therapeutic doses Thus comparison is of interest in judging whether 
a drug as employed in therapeutics may be expected to be effective m stimulating 
the myocardium 

I Camphor, pbntamethtlene tetraiol* ant vixethaiode.* The belief 
that camphor and its so-called substitutes pcntamethylene tetraiol and nik 
ethamlde stimulates tho mammalian mj ocardium to increase its force of contrac 
tion rests on the results of experiments earned out on isolated hearts and heart 
lung preparations (2 3 4,5 7) the test objects either w ere in spontaneous failure 
or were poisoned b> such substances as chloral chloroform muscarine, etc. 
camphor then being added In many cases the concentrations of camphor used 
were very high Similarly in vrvo experiments led to similar conclusions 
(4 5, 6 7) However, contrary results and interpretations have also appeared 
(8 9,10 11) 

Pcntamethylene tetraiol and nikethamide were considered the most promising 
of a group of so-called soluble camphor* compounds. As m tho case of cam 
phor cold and warm blooded hearts have sen ed as test-objects often poisoned 
by substances of great diversity of action, such ns chloroform and strophonthln 
Increased rate and amplitude and initiation of activity when it has ceased have 
been reported (8 12 13 14 15 1C 17) Contrariwise many have reported no 
stimulating action either in isolated preparations or in situ even in very high 
concentrations (18 19, 20 21 22, 23 24 25) 

Nikethamide has been stated to augment the frequency and amplitude of cold 
and v> arm blooded hearts ci en when these have been poisoned with various agents 
such as chloral chloroform choline, etc., and by calcium lack (26 27) It has 
been stated that ineffective doces of digitalis or atrophanthm may be rendered 
active by nikethamide (28 29), and that the action of nikethamide resembled 
that of digitalis (20) On the other hand, many investigators have been unable 
to obeerve such actions (15 18, 19 20, 21 30) in hearts either in the normal or 
falling state isolated or in situ 

The present study of the action of these compounds on isolated mammalian 
cardiac muscle was undertaken in an effort to determine whether stimulation 
(direct) of mammalian heart muscle is possible m any conoentratioo with the 
hope of shed chug some light thereby on the conflicting experimental results of 
past years A preli m i n a r y report has appeared elsewhere (31) 

Rebuilt Camphor From twelve experiments m each of which one to three 
observations were made the following results were obtained Camphor in con 
cent rations of from 1 1 million to 1 25 000 was without effect on tho performance 
of the preparations Concentrations greater than 1 25 000 t.e , 1 20,000 to 
1 2,000 caused progressive depression according to concentration, and concen 

1 ‘Metraaol” or ‘Cardiaxol H 

* Pyridine /5-earboxyIic acid diethylamide or ‘CoraxnJne n 
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trations of 1 2,000 almost invariably caused irreversible inevitability very 
rapidly (2 to 5 minutes) In these latter concentrations, \arying degrees of 
contracture occurred in most instances concomitantly with the diminution of 
“syBtohc” tension If the toxic action of the higher concentrations was not per- 
mitted to proceed too long, it could be partially reversed by unmodified Locke’s 
solution At the higher camphor concentrations, m which alcohol was neces- 
sary to obtain solution, control studies were earned out of the effect of alcohol 
at corresponding concentrations It was thus established that the alcohol alone 
accounted for from 25 to 50 per cent of the depression In one preparation in 
which survival was particularly good, the concentration of alcohol was mam- 
tamed constant — -(0 2 per cent) — and the camphor concentration was vaned, 
fresh Locke’s solution being substituted between camphor applications The 
degree of depression bore a rough relation to the camphor concentration 
Comment The action of camphor appears to be solely depressant The 
findings reported here lead to an interpretation at variance with that of the older 
investigators who observed apparent “stimulation” of the myocardium with 
camphor This discrepancy can probably be largely explained on the basis of 
Loewi’s observation that camphor decreases the cardiac effects of electrical stimu- 
lation of the vagus nerve It has recently been confirmed that chloroform, 
chloral hydrate, ether, and other depressants (32) inhibit cholinesterase in suit- 
able concentrations, thus camphor may block the inhibitory effects of acetyl- 
choline or muscarine, thereby increasing the rate and (indirectly) the “ampli- 
tude” of the response It is noteworthy that m many instances m which cam- 
phor “antagonism” to other drugs has been reported, the force of the heart was 
not affected, and it is possible that the muscular effects of the poisons were not 
reversed but actually enhanced by camphor 
Pentamethylene tetrazol Most of the experiments with pentamethylene 
^ tetrazol were performed about a concentration range of 1 17,000, inasmuch as 
r this is the concentration attained m the blood of a man of average size after the 
intravenous dose, 0 1 to Off gram, recommended by “New and Nonofficial 
Remedies” — a few were performed m the range of 1 1000 to 1 5000 and a few at 
1 50,000 and 1 100,000 From eleven experiments m each of which one to four 
observations were made, the following results were obtained 

Even m the highest concentrations employed (1 1,000) pentamethylene 
tetrazol was ineffective m raising the “systolic” tension of the papillary muscle 
preparation Upon replacing the drug with unmodified Locke’s solution, no 
changes in tension (other than the slight changes incidental to changing the solu- 
tion) occurred m the majority of experiments, indicating lack of toxicity even m 
high concentrations In 2 out of 8 experiments, some recovery occurred with 
such treatment, but these two preparations had previously been exposed to 
moderately high concentrations of nikethamide and therefore the result may have 
been due to a residual quantity of that drug As further evidence of low toxicity, 
there was an insignificant change m the resting tension (expression of tendency 
to change length) even after concentrations as high as 1 2,000 Excitability 
to electrical stimulation likewise was unmodified 
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Comment The result* are in agreement with the findings of Camp (22), 
Leyko (18) Barker and Levme (23) Messinger and More* (25) and others. Its 
action on other structures must therefore account for any cardiac changes in the 
intact animal 

Nikethamide The majority of the experiments with nikethamide were J>er 
formed in the nrngo of concentrations obtaining m the circulation of man after 
intravenous injection of a large dose e.g 0 75 gram thereby giving con centra 
ticns approximating 1 7 000, and a few experiments using lower and higher con 
oentrations Concentrations as high as 1 10 000 were without effect In 1 
experiment out of 7 depression was noted after 1 10 000 but m the majority of 
experiments depression was not seen except in concentrations of 1 2,000 or 
higher The depression was not marked although recovery did not take place 
while the muscle remained Immersed m the drug solution sometimes such con 
centrationa m creased the resting tension somewhat Replacement by unmodi 
fied Locke’s solution usually resulted m prompt resumption of the control 
response and sometimes this was slightly exceeded. Concentrations of 
nikethamide between 1 10 000 and 1 200 000 were without significant effect 

Comment Nikethamide does not stimulate the mammalian myocardium by 
a direct, primary action The results of Leyko (18) and others (33) indicated 
that coronary dilatation takes place m the mammalian heart-lung preparation 
and this may account for some of the results of other workers who obeerved m 
crease in amplitude, since hypodynamic preparations might be influenced by 
coronary changes Hie results of this report agree with those of Leyko and of 
Peters and Visscher (30) m demonstrating that the working capacity of cardiac 
muscle is not augmented by nikethamide Reports of clinical success must 
therefore be regarded with caution and interpretation must be tempered with 
consideration of the other actions of nikethamide 

U Bari vn chloride. Moat textbooks of pharmacology state that ba num 
chloride is capable of increasing the irritability of heart muscle to the extent of 
preventing attacks of syncope m complete aunculoventncular dissociation 
(Stokee-Adams Syndrome) This appears to be well supported by cluneal expen 
ence (34 and others) Further the statement is made that barium has a digitalis- 
like action m m creasing the foroe of the heart beat. Rothberger and Win ter berg 
(35) and van Egmond (36) found that m the normal dog’s heart and in the dog’s 
heart with complete block, 6 to 100 mg per kg of barium chloride caused in- 
creased ventricular excitability evident sometimes as extra systoles sometimes 
as regular ldioventncular rhythms of varying degrees of persistence In addition 
Increased amplitude of ventricular contraction was said to occur Inspection of 
their records reveals only a small and probably insignificant increase in ampli 
tude, occurring with an acceleration in rate 

The alleged dlgitaUs-hke action was obeerved on the frogs heart (37 38) 
the authors concluding that the difference between digitalis and b arium chloride 
was merely quantitative — the criterion was systolic and diastolic standstill of the 
frog’s heart The barium chloride concentrations used were extremely high 
ranging from 1 10 to 1 12$00 systolic standstill occurred with high con centra 
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tions (1 200 and higher) and diastolic arrest occurred with the lower concentra- 
' tions The practical and theoretical significance oT the results obtained with 
such high concentrations is questionable In the present study most of the ex- 
periments were performed around the maximum concentration range attainable 
in the blood after large therapeutic doses m man, viz , 1 50,000 A preliminary 
report was published elsewhere (31) 

Results In concentrations between 1 100,000 and 1 10,000 barium chlondc 
caused no significant changes m the contractile force of the papillaiy muscle 
preparation In higher concentrations (1 5,000 to 1 1,000) diminution of force 
occurred almost immediately, varying in degree with the concentration The 
toxic effect could be partially reversed with Locke’s solution In no instance was 
spontaneous activity induced (total of 12 experiments), i e , the muscle contrac- 
tions corresponded with the frequency of electrical stimulation 

Comment It appears from the results reported here that banum chloride 
has no “digitalis-like” action on the force of contraction of mammalian cardiac 
muscle, and that in all probability small increases m the amplitude of ventricular 
contraction observed by Poulsson (37) and van Egmond (36) are secondary to 
cardiac acceleration The systolic and diastolic arrest noted by Poulsson (37) 
and Werschmin (38) are probably due to a non-specific toxic effeot since the con- 
centrations causing them are quite high and it does not necessarily signify a 
"digitalis-like action " In the present experiments, the absence of spontaneous 
rhythmicity due to banum even in high concentrations is not explained, how- 
ever, it is possible that factors involving the intact circulation are prerequisite 

III The xanthines caffeine, theobromine and theophylline Expen- 
ments using human subjects (39 and others) have shown substantial increases in 
cardiac output after therapeutic doses of the xanthines, but simultaneously 
there occurred a considerable decrease m penpheral resistance and increase in 
arteriovenous oxygen difference Grollman (40) has observed an increase in 
oxygen consumption of about 35 per cent following large doses of caffeine orally 
in man, and has stated that whether the cardiac output is increased or not de- 
pends on whether the arteriovenous oxygen difference varies inversely 

Numerous investigators have studied the action of theobromine, theophylline, 
and especially caffeine, on isolated heart preparations It has long been known 
that the amphtude of contraction of the isolated frog heart (41, 42) and of iso- 
lated mammalian heart preparations (42, 43, 44) is increased by suitable concen- 
trations of a xanthine in the perfusate, this effect has been considered evidence 
of a direct myocardial stimulant action Hedbom (43), Bock (44), Loeb (45) 
and others, using the Langendorff mammalian heart preparation, obtained data 
which were in substantial accord regarding the action on rate, amplitude and 
coronary flow, viz , increase m rate and amplitude, and also increase in coronary 
flow, sometimes with concentrations at which rate and amplitude were un- 
altered Plant (46) likewise noted that output and amphtude in the Knowlton 
Starling heart-lung preparation was increased, but stated that the output per 
beat was unchanged Almost invariably increased amplitude caused by the 
xanthines m dilutions of 1 10,000 or thereabouts was accompanied by increased 
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rate Inasmuch os the amplitude or force of contraction of cardiac muscle in 
creasoe with the rate (47) it is difficult to decide which is the primary action 
Undoubtedl} both direct myocardial stimulation and that consequent to changes 
in rate operate but the proportions contributed by each are not apparent 
Heath cote (42) found that tho coronary flow m the isolated mammalian heart 
preparation was increased along with rate and amplitude by concentrations 
of the xanthines of about 1 5,000 this is in substantial accord with the work of 
others This is another factor operating to alter the force of the heart and it 

TABLE 1 
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1 10 000 
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Immediate 
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1 5 000 

51 

Immediate 

78 

21 

12 


1 2 000 
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Immediate 
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1 1 000 

4 

Immediate 
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Theophylline 

1 20 000 

71 

H 

55 

21 

11 


1 10 000 

®l 

81 

76 

10 

20 


1 5 000 

8 

Immediate 

88 

3 

30 


1 2 000 

4 

Immediate 

154 

2 

24 


Average of positive experiments only 
t Arenas of *11 experiments 
t 4 experiment* were negative. 

I 8 experiments were negative 

I I ex pen men t was negative 

| 2 experiments were negative 

necessarily makes uncertain the implication of a direct cardiac muscle action 
Heathcote stated that his results made it difficult to hold that rate and ampli 
tude Increases caused the Increased coronary flow although the reverse situation 
could hold. A J Clark (48) states that the pace-maker (mammalian heart) 
is stimulated by caffeine 

In the present stud} tho drugs were used In the form of free base whenever 
possible, but when high concentrations were required, caffeine sodium bensoate, 
theobromine sodium sake} late and theophylline ethjdenediamme or sodium 
acetate were used A preliminary report has appeared elsewhere (49) 

Rtrullt The results arc mimmanxed in table 1 Graphs of representative 
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experiments appear in figure 1 Stimulation by concentrations lower than those 
indicated m the table was not observed Considerable variation m magni tudes 
of response occurred at a given concentration of any of the drugs, this being at- 
tributable, at least in part, to varying degrees of failure m different preparations 
When the xanthine solution was replaced by Locke’s solution during the height 
of its effect, in the cases in which the action was relatively prolonged, there was 
very rapid resumption of the original force by the muscle 

(a) Caffeine In concentrations between 1 2,000 and 1 5,000 caffeine pro- 
duced an increase in “systolic” tension in less than half the experiments and 
lower concentrations were without effect Increases in tension of 60 to 260 per 



Fio 1 Graphs op Experiments Illustrating the Action or Caffeine on the Force 
or Contraction or Isolated Mammalian Cardiac Muscle 
Drug applied at 0 time A, 1 1,000, B, 1 2,600 

cent occurred after concentrations of from 1 1,000 to 1 250, starting in from 2 
to 16 minutes after the drug was applied, with a maximum shortly thereafter 
The duration of action rarely exceeded 30 minutes, the higher concentrations 
causing inexorability and ngor m 16 or 20 minutes 

(b) Theobromine In concentrations of less than 1 6,000, no significant 
changes in “systolic” force were observed, and in 1 6,000 concentration augmen- 
tation of the tension was rare, the majority of experiments showing equivocal 
changes Higher concentrations had a more marked effect As with caffeine, 
onset of the action was rapid and duration was brief 

(o) Theophylline This drug is the most effective of the xanthihe group in 
increasing “systolic” force In concentrations of 1 10,000 to 1 6,000, the ten- 
sion may be increased from 60 to 260 per cent and in some experiments 1 20,000 
was effective The onset of action is as rapid as with caffeine and theobromine, 
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and the duration of action 13 generally longer In one case, the 1 6,000 caused a 
10d per cent increase 90 minutes in duration, in this case it was demonstrated 
that replacement of the drug with fresh Locke’s solution resulted In an immediate 
reduction of the ‘ systolic” tension to the control level The sequence and time 
relations of events following higher concentrations were similar to those after 
caffeine and theobromine. 

There was no apparent correlation between the action of any of the xanthines 
and changes m ' tone ’ or resting length of the muscle, and emphasis should be 
placed on the fact that replacement of the drugs by fresh Locke s solution abol 
ished the action immediately Occasionally high concentrations caused spon 
taneous activity i e a rate of contraction higher than that resulting from the 
regular stimulation. No difference between the effects of free base* and the 
salts was observed. 

CommenL It is evident that the xanthines do not cause a significant m crease 
in tho ‘eystolio 1 tension of heart muscle in concentrations attainable in the blood 
of man after therapeutlo doses even when given by intravenous injection. If 
one considers the fact that the xanthines disappear from the blood stream very 
rapidly (Hatcher and Kwit, 60) considerable caution must be exercised in accept- 
ing such a measure as cardiac output as a valid criterion of direct myocardial 
stimulation and persistence of cardiac action This disappearance frord the 
blood is presumably due to metabolism and diffusion into and dilution in the 
interstitial fluid and is important in the case of xanthines for replacement of the 
Locke a-xanthine solution by Locke s in these experiments terminates their 
action 1-e., their action doe* not persist In the present experiments the short 
duration of action during continued exposure to effective concentrations of the 
xanthines may possibly be explained by accelerated failure of the muscle resulting 
from increased resting metabolism (61) 

From these experiments it appears that the dose necessary to produce sigpif 
leant, but temporary myocardial stimulation in man would need to exceed that 
causing undesirable side effects on the oentral nervous system metabolism and 
peripheral circulation 

IV a EpiNKrrnuNE. Among the circulatory aotions which epinephrine is 
known to exert, that on the heart has been subjected to considerable experimental 
scrutiny As m the cold blooded animal its action in accelerating and increasing 
the amplitude of the mammalian heart has long been known For example, 
the amplitude of ventricular excursions Is increased accompanying the rise in 
blood pressure m dogs after Intravenous injection of 0 02 mg per kg (36) The 
effects of noxious agents (chloroform, chloral hydrate) on the excised cat’s 
heart were ’reversed ’ by epinephrine, also excised cat hearts which had been 
refrigerated for 24 hours could be revived by epinephrine (62) That the ac- 
celeration by epinephrine is not dependent on connections with the central 
nervous system was shown in the d&nervated cat’s heart, m addition the use of 
quiescent ventricular stripe has shown that the drug can cause spontaneous 
rfaythmicaty to appear thereby suggesting that acceleration can occur by an 
action directly on cardiao muscle, exclusive of an action an tho pace-maker (63) 
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The presence of sympathetic innervation may be necessary for susceptibility to 
epinephrine * 

In an analysis of acceleration and "strengthening” of the heart beat by 
epinephrine (54), it was found that doses causing marked vasoconstriction in- 
creased the amplitude with concomitant cardiac slowing, even when the blood 
pressure was maintained at a constant level This demonstrated that the force 
of the heart may be increased by epinephrine in the absence of elevated aortic 
pressure A more direct approach to this question was made by Wiggers (55), 
who maintained the peripheral artenal resistance at a constant value by means 
of an adjustable aortic clamp, “drove” the heart at a constant rate, and recorded 



Fro 2 Graphs ofExpebimentsIllusthattno the Action of Epinephrine on the Force 
of Contraction of Isolated Mammalian Cabdiac Muscle 
Drug applied at 0 tune A, l 100 million, B, 1 10 million, C, 1 1 million 

left intraventricular pressure changes by means of an optical manometer 
Epinephrine steepened the presphygmic isometric pressure gradient, likewise 
steepening the relaxation (postsphygmic) gradient The course of events'dunng 
the ejection period was not proportionately altered, and the duration of total 
systole was shortened He concluded that epinephrine stimulates the ventricle 
by increasing contraction and relaxation gradients, by augmenting the maximum 
systolic pressure, and by shortening systole Since the rntrat entncular pressure 
was “far below the normal level at the very beginning of diastolic inflow,” he 
also concluded that epinephrme acted specifically on the relaxation process 
However, the extent to which this latter phenomenon depends on more complete 
and more rapid ejection of ventricular contents was not ascertained 

• Recently, Hiatt etal (Am J Phjsiol ,138 763,139 45, 1943) found the amplitude (and 
rate) of the cold blooded heart m the absence of sympathetic innervation were increased, 
but believe the effects are greater in its presence 
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Rttulls On the isolated mammalian papillary muscle epmephnne exerts a 
characteristic augmentation of the contractile force Graphs of representative 
experiments of the present study are presented m figure 2 and a summary in 
table 2 Epinephrine in concentrations as low as 1 200 million seldom fails to 
elicit an increase In tension varying from 50 to 400 per cent, together with a 
marked shortening of the duration of contraction The effect is almost im 

l TABLE 2 


Kfftcl of tpintpkrinc on Uni ion dmlop*d bf Cardiac muscle 
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Duration of action of or recovery from the*e concentration* wu not «tudied. 



Fia 3 PiTOTOOHAnnc Tiaciwo Bnowif,o thi Ixrujr»cx or Erinrrn*ijrr ox ‘Stbtouo’ 
Time or the Cat 1 * PAnuwUir Mukle Daiyim at a Cowstakt Rate 
Downward excursion represent* oontraotkm 
I Before epmephnne II After epinephrine 1 10 million. 

Note that *»y»toIe U ■horteoed by Approximately one-third (A -B compared with A-C) 
that the slopes of contraction and relaxation are increased and that the “systolic force 
is trebled 

mediate attains its maximum usually in about 2 minutes and lasts for 10 to 20 
minutes. The effect may bo repeated several times in a given preparation, and 
its magnitude depends within wide limits, on the concentration A given con 
centra ti on brings about the came response on repeated application Higher 
concentrations (1 10 mil li on to 1 1 mi thou) cause an increase m systolic 
force which may be as high as 16 to 18 times the initial control level The dura 
tion of the effect is usually 20 to 30 minutes under such conditions, although oc 
casiocally it ma> last only 5 minutes Frequently such high concentrations 


68 


STEPHEN KROP 


cause spontaneous rhythmicity of the preparations, which is usually, though 
not always, regular in rate Toxicity, evident as a reduction m “systolic” 
force, occurs with concentrations 1 100,000 and higher, and is usually revers- 
ible In any of the concentrations used, the action could be promptly termi- 
nated by replacing the drug solution with unmodified Locke’s solution 

Even in concentrations causing minimal increases in “systolic” tension, 
epinephrine causes shortening of “systolic” time In two experiments m which 
high concentrations (1 10 million and 1 1 million) were used, the systohc inter- 
val was measured and compared with the control values, the “systohc” period 
was reduced by one-third, with a 3- and 10-fold increase m force In two experi- 
ments lower concentrations (1 100 million) caused a similar reduction in “sys 
tohc” time, with a 2- to 8-fold increase m "systohc” tension Figure 3 illustrates 
the effect In one experiment m which the preparation responded to alternate 
stimuli only, epinephrine in 1 20 million restored the excitability, and as the 
effect wore off the original loss of response to alternate stimuli was reestablished 
The increase in "systohc” force occurred before the excitability recovered An 
increase in resting length (“diastolic”) is especially noticeable with higher con- 
centrations (1 1 million or 1 10 million) With lower concentrations this is 
manifested as an interruption m the progressive shortening coincident with 
spontaneous failure during the control period 

Comment It is evident from the foregoing data that epmephnne increases 
the force of the heart m consequence of a direct action on cardiac muscle which is 
independent of alterations m cardiac function secondary to the known peripheral 
circulatoiy changes which epmephnne mduces This is in agreement with the 
interpretations of previous workers The depressant effects of very low con- 
centrations observed by Sollmann and Barlow (56) on the frog heart were not 
seen in the present study on mammalian heart muscle The increased mtra- 
ventncular pressure and shortening in the systolic time found by Wiggers finds 
confirmation m the increased “systohc” tension and shortening of the “systohc” 
interval m the present experiments 

The direct action of epmephnne on the heart conforms with the emergency 
theory of the function of this hormone m that it provides for increased activity 
under conditions of stress 

IVb Ephedrtne The cardiovascular actions of ephednne were first studied 
by Miura (57) on the frog heart and on mammals by Chen and Schmidt (58) 
The latter demonstrated responses which classified ephednne as a “sympatho- 
mimetic” drug, in the sense that the drug produced effects similar, in many 
respects, to those obtained after excitation of organs and musculature innervated 
by sympathetic nerves The results of studies pnor to those of Chen and 
Schmidt m cheated that its primary action on the frog heart was depression of 
rate and amphtude m high concentrations (1 10 s ) Lower concentrations 
(1 10 7 ) were largely without effect, although m a few instances a slight increase 
in frequency and amphtude was observed (59) On the other hand, othere (60, 
61) have observed stimulation by ephednne m “dilute solutions’ , Kretmsr (61) 
likewise noted that atropine did not prevent the depression by stronger solutions 
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of ephednne, establishing that the action wm not via the nervous cardiomhibi 
tory mechanism 

Chen and oo-workers (58 62) noted that the Isolated perfused rabbit heart 
exhibited the same behavior as the frog heart toward ephednne in relation to 
concentration rate and amplitude were increased bj concentrations of 1 100,000 
whereas a decrease in these functions occurred during perfusion with 1 10,000 
to 1 5,000 Higher concentrations produced varying degrees of block and even 
tually failure. The results were amply confirmed by others (63, 64) Small 
dose* in cats and rabbits increase ventricular contraction whereas large (5 mg ) 
doses depress the ventricle (61 65) Chen and Schmidt (68) found a marked 
increase in right ventricular amplitude after ephednne Coincident with cardiac 
acceleration and rise in blood pressure an increase m cardiac output was ob- 
served in anesthetized and atropinixed dogs (62, 66) Chen and Schmidt (67) 
concluded that the cardiao stimulant effects from small doses are ‘fully compar 
able with those of excitation of the accelerator nervous mechanism of the 
heart ’ The effects are much less pronounced than those of epinephrine, 
and, duo to the depressant action of large doses the effects cannot be increased 
with dosage as in the case of epinephrine They therefore consider it inadvisable 
to inject ephedrine mtracardially in an emergency 
Results Ephednne In concentrations of 1 500,000 to 1 200,000 caused an 
increase of from 26 to 100 per cent in systolic’ force of the Isolated papillary 
muscle lasting from 10 to 20 minutes. This was followed by depresrion, an 
effect which was partially reversible by Locke’s solution Lower concentrations 
were without demonstrable effect, whereas higher concentrations were purely 
depressant. In concentrations of 1 20,000 to 1 10,000 the substance was very 
toxic zind the response failed rapidly If the de p ression did not proceed too far 
it could be partially reversed by unmodified Locke a solution "When a prepara 
tion had once been stimulated 1 by a low concentration of ephedrine subse- 
quent additions of ephednne of equal or higher concentrations failed to elicit the 
response (observed several times in 4 experiments a fifth experiment gave un 
oertam results due to rapid muscular failure) Revermbfiity of this effect could 
not be conclusively demonstrated by washing out with Locke s solution, the 
results being almost evenly divided (in 2 out of 6 experiments, a partial return of 
response was observed) 

The effect of ephednne on epinephrine action was studied m 6 experiments. 
Control effects of 1 200 million and 1 100 million eplnephrme were obtained and 
again observed after exposure of the muscle preparations to various oonoentra 
tions of ephednne, ranging from 1 500 /XX) to 1 10,000 Ephednne m 1 600 000 
concentration had no effect on the responses to epinephrine In the above concern 
trntiona but 1 100 000 prevented the response to 1 200 million epinephrine in 3 
experiments, and ephedrine in 1 10,000 prevented the response of 1 1 milli on 
epinephrine in 3 experiments. 

Comment The results obtained indicate that ephednne exhibits the phenome- 
non of “tachyphylaxis * in its action on heart muscle as has been reported for its 
action on blood vessels Ibis may be Interpreted as additional evidence in con 



60 


STEPHEN KBOP 


firmation of the theory of Gaddum and Kwiathouski (68) and Morton and 
Tain ter (69), that ephednne is dependent for its action on the presence of epineph 
nne 

Since the total quantity of enzyme or enzymes i\hich normally inactivate 
epinephrine is small in proportion to the large excess of epinephrine in the lm 
mersion medium under the conditions of the present experiments, it is not sur- 
prising that "sensitization” of the muscle preparation to epinephrine was not 
demonstrable and need not signify that such sensitization does not m fact occur 
in the heart of the intact animal 

In higher concentrations ephednne is definitely depressant by a pnmarj action 
on heart muscle, and this observation emphasizes Chen and Schmidt’s warning 
against its use by intracardiac injection Whether the prevention of epinephrine 
action by high concentrations of ephednne is related to the depression by ephed- 
nne alone cannot be determined from the present expenments, but the phenome- 
non may find explanation m the hypothesis of Curtis (70) and of Gaddum and 
Kwiatkowsla (68) who suggest that high concentrations of ephednne occupj the 
epinephnne receptors in the cell, thereby preventing the action of epinephrine 

6UMMAKY 

The property of producing sustained augmentation of the “systolic” force of 
mammalian cardiac muscle which is characteristic of the digitalis glycosides is 
absent m camphor, pentamethylene tetrazol (“Metrazol,” “Cardiazol”), nik- 
ethamide (pyndine-/3-carboxyIic acid diethylamide, "Coramine”), and banum 
chlonde 

The xanthines (caffeine, theobromine and theophylline) are ineffectual except 
m concentrations considerably above those attainable therapeutically Com- 
pared with digitalis glycosides, their action is rapid in onset and brief in duration 

Epinephnne augments the “systolic” force of mammalian heart muscle to a 
marked degree and m concentrations attainable with therapeutic doses The 
effect is almost immediate in onset, its duration is a matter of Only about 10 to 
20 minutes rather than hours as in the case of the digitalis glycosides 

Therapeutically attainable concentrations of ephednne may increase the force 
of cardiac muscle The range between the concentration which stimulates and 
that which depresses the heart muscle is small Under the conditions of the 
present experiments it did not “potentiate” epinephnne action, but rather re- 
duced it 

Acknowledgment The author wishes to express bis gratitude to Dr McKeen 
Cattell for guidance and for suggesting the problem, and to Dr Hany Gold for 
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Evidence that procaine has & curare-like action upon skeletal muscle baa been 
obtained by several workers Liljestrand and Magnui (1), Fulton (2) and Bremer 
and Tlteca (3) Riesser and Neuschloas (4) found that procaine absolished the 
response of frog muscle to the application of acetylcholine and Frank, Nothmann 
and Hirsch Kauffmann (5) showed that procaine diminished the response of 
denervated skeletal muscle to acetylcholine and niootine Recently Harvey (6) 
has pointed out several respects m which the action of procaine resembles that 
of curare. When injected into the artery just above the point where the artery 
enters the muscle small doses of procaine reduce the response of the muscle to 
maximal single ehocka applied to the motor nerve and also the tetanic response 
to a senes of shocks but they do not reduce the response to direct stimulation. 
When the response to single shocks has been depressed by procaine, brief tetania 
stimulation of the nerve augments the response, as it does when depression is 
produced by curanne. Procaine also depresses tho contraction resulting from 
the injection of acetylcholine as does curanne, but again like curanne, does not 
affect that produced by the injection of KC1 Harvey observed m addition that 
when procaine is injected into a muscle during eserine potentiation the twitches 
are immediately reduced when eserrne is administered to a muscle previously 
injected with procaine, the potentiating effect of eserine is replaced by a slight 
depression Harvey earned out experiments on the perfused superior cervical 
ganglion of the cat he observed that procaine like curanne, prevented the trails 
mission of impulses through the ganglion but had a second action not possessed 
by carmine of arresting the output of acetylcholine daring preganglionic stimu 
I&ticm. Procaine also abolished the stimulating action of acetylcholine on the 
ganglion and depressed that of KC1 

Although procaine has this curanne-like action, there are no clinical reports 
indicating that such an action has ever been observed in the course of using pro- 
caine as a local anaesthetic in subjects with a normal neuromuscular mechanism 
In patients suffering from myasthenia gravis however Carmichael (7) found that 
procaine, used for infiltration anaesthesia, caused a great increase in muscular 
weakness, Knee myasthenic patients are treated with proetigmine, we have in- 
vestigated the action of procaine m relation to proetigmine for recent evidence 
obtained by BQlbring and Bum (8) shows that proetigmine and eeenne are not 
identical in action and it seemed possible that Harvey’s observations on pro- 
caine and eserine might not apply to procaine and proetigmine Observations 
63 
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have also been made on the action of cocaine -which has been found to possess 
the same action as procame and to exert it m smaller dose 

Method Cats wero used, either spinal, or anaesthetised with chloralose The con 
traotions of the left gastrocnemius muscle were recorded isometrically Single maximal 
shocks (condenser discharges from a neon lamp circuit) were applied to the sciatic nerve 
at various rates Unless otherwise stated, all injections were given mtra artennlly into 
a cannula inserted into the right iliac artery pointing towards the aorta, so that tho drug 
was earned with the bloodstream down the left leg The animals were prepared in the 
same way as that desenbed bj Bfllbnng and Bum (8) All solutions wero made in 0 8% 
saline 

Prostigmlne was used as methjl sulphate (kindlj supplied by Roche Products Ltd ), 
cocaine and procaine both as hydrochlondes, curanne as chlonde 

Experimental results Perhaps the clearest difference between the action 
of procame and that of curanne is that procame has httle effect on the contrac- 
tions of normal muscle elicited through the nerve, whereas curanne has a great 
effect On the other hand procame was found to have its mam depressant action 
only after a previous injection of prostigmme The record m figure 1 shows the 
contractions of the gastrocnemius muscle of a cat m response to 16 stimuli per 
mm The large and rapid mcrease m the sire of the contractions caused by the 
injection of 30 pg prostigmme is well shown, and then the sudden decrease taking 
place when 25 mg procame was injected It was evident that a far greater 
diminution occurred in contractions augmented by prostigmme than m normal 
contractions, for as shown m figure 2 (C), taken from the same experiment, the 
injection of 25 mg procame had by itself a scarcely perceptible effect The 
record m figure 2 (C) shows further that procame not only abolishes, but also, if 
given before, prex ents the action of prostigmme in causing augmentation The 
difference is brought out again in figure 3 taken from an experiment in which 
curanne was infused intravenously at such rate as to maintain the muscle re- 
sponse to nerve stimulation at about one third of its normal height The con- 
traction before curanne was injected is shown m figure 3, A, the contraction 
during the infusion of curanne is shown in figure 3, B, and in this part of the 
record it is seen that the injection of prostigmme was not without effect, but at 
once augmented the contractions m the usual way In figure 3, C, however, 
procame was injected first, yet although the muscle contractions were scracely 
reduced, the action of prostigmme was abolished 

A further difference between procaine and curanne was found m their effect 
m the presence of prostigmme, for after the injection of prostigmme the action 
of curanne was much reduced In figure 4 (A) is shown the reduction in the 
muscle contractions produced by the injection of 0 7 mg curanne This effect 
was allowed to pass off, and 30 minutes later, 0 06 mg prostigmme was injected 
A repetition of the injection of 0 7 mg curanne after one minute now produced a 
much smaller effect This diminution of the action of curanne by prostigmme 
was repeatedly observed, and it was seen to persist after the effect of prostigmme 
on the muscle tension had disappeared 

The action of adrenaline Bfllbnng and Bum (8) have shown that m the 
presence of prostigmme, adrenaline often causes a further augmentation of 
muscle contractions A good example of this is seen m figure 1 (B) When 
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20 adrenaline was injected short!} after 30 ng prosti grain e the effect of the 
prostigmlne was almost doubled The tracing in figure 1 (4) shows that when 
procaine hod abolished all but a small part of the effect of proetlgminc some 
augmentation of the contractions was still produced by adrenaline Likewise 



Fia 1 Cat Anaesthetised with ehloralaae Contraction* of gnatrocnemlui mttiele 
•timulatcd by single maximal ihocki applied to the sciatic nerve 15 per minute A show* 
the augmentation of muscle contractions by the lotrs -arterial injection of 30p g prostig 
mine and tho removal of moat of the augmentation by 25 mg procaine The injection of 
30 pg adrenaline atlll cauaea tome augmentation B show* the effect ofinjecting proetlg 
mine and then adrenaline without tho interposition of procaine 

as seen in figure 2 (C) when the previous injection of procaine had prevented the 
action of prostignune adrenaline still produced an augmentation. 

There is a further difference in the action of procaino according to whether 
prootigmine is present alone or together with adrenaline. In figure 2 (A) 
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Fia 2 Same experiment ns figure 1 continued In A the injection of 20 m g adrenaline 
after the prostigmme inhibits tho action of procaine seen in figure 1 A That this inhibi- 
tion is not due to the longer time interval between the injection of prostigmme and procnino 
is Been in B In C note that 25 mg procaine does not depress the normal muscle contrac- 
tions, but does prevent prostigmme from having its usual effect It does not abolish the 
adrenaline effect however 


adrenaline was interposed between prostigmme and procaine with the result that 
the inhibitory action seen m figure 1 (A) was scarcely evident That the effect 
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of procaine was eo Blight was not due to the difference m time interval, as is 
seen in figure 2 (#) where the effect of procaine is similar to that in figure 1 (A) 
With a rate of stimulation of 16 per minute or more adrenaline given after 
prostigmine instead of producing an augmentation frequently cause* a depression 



Fio 2 Spitul eat Record* u figure 1 Stimulation 5 per minute Comparison be- 
tween the action of curarine and procaine A oh con the bUc of contraction* before, B the 
effect of 20 » f proeUgmine followed by 20 * g adrenaline during crararine inftniem C after 
10 mg procaine 


of muscular contractions attributed b> BQlbrmg and Burn (8) to acetylcholine 
paralysis The amount of acetylcholine greater because of the faster rate of 
stimulation and because of the presence of proetigmino, has its action intensified 
by adrenaline so that the effect of excess results This is illustrated in figure 
6 (A) After the injection of cocaine however when prostigmine no longer 
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augmented the contractions (figure 5 (B)) the action of adrenaline was reversed, 
so that instead of the depression an augmentation was obsened Precisely 
similar records were obtained when procaine was injected 

Procaine on prostigmine depression It has been shown bj Bnscoe (9) nnd 
Bacq and Brown (10), that when the muscle is treated with esenne and stimu- 
lated through the nerve at a fast rate, the tension declines rapidly In the ex- 
periments to be described prostigmine w as used instead of esenne, and the same 



Fio 4 Spinal cat A shows effect of injecting 0 7 mg curanne B shows the much 
smaller effect of the same dose of curanne injected 2 minutes after 0 06 mg prostigmine 


results w ere observed The non e w as stimulated at the rate of 4-5 per minute 
Every fi\ e minutes the rate of stimulation w as altered to a faster rate for a penod 
of one minute A rate of stimulation was chosen which did not itself produce 
a fall m tension through fatigue, and this was repeated after a dose of prostig- 
mine, when the contractions during fast stimulation rapidlj declined A dose 
of pro cain e injected after the prostigmine prevented the decline and during the 
penod of fast stimulation the muscle contractions remained similar to those 
before Figure 6 illustrates this (A) shows a control observation of a penod 
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of 90 stimuli per minute (B) m the presence of prostigmine, shows a rapid de- 
cline of tension to below the original height m soon as the fast stimulation starts, 
and that the tension becomes at once greater with the slower rate In (C) 
after 10 mg procamo the muscle is again capable of maintaining the height of 



Fiq 5 Cat chloraloe* Record* a* figure 1 Rate of itimuUUoa 14 minute A »hoTm 
the depreaaioo of mtncle tension entaed br adrenaline given after prcatlgmino In B 10 
mg cocaine prevented the action of proatipnlne and converted the adrenaline depreaaloo 
into a potentiation 

contractions during the period of fast stimulation When comparable oboerva 
tions were made with curanne, it was found to have the same action as procaine 
and cocaine Muscle contractions are however depressed by larger doeea of 
prostigmine even when the nerve la stimulated at a slower rate Experiments 
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■were earned out ui which the muscle contractions were depressed by single in- 
jections of prostigmme and also by constant intravenous infusion of prostigmine 
In none of these experiments did procaine abohsh or even lessen this depression 



Fia 6 Spinal cat Records as figure 1 One-rainute periods of fast stimulation (90 
oerminute) A before B after40ag prostigmine CafterlOmg procaine Notethernpid 
fall in tension in B which is prevented in C 


Acetylcholine depression Bacq and Brown (10) found that a dose of acetyl- 
choline interpolated in a senes of maximal stimuli caused a depression of muscle 
contractions m the presence of an} - anti-cholinesterase This effect can be 6ecn 
m figure 7 (A) When acetylchohne was injected mtrn-artenall} into a muscle 
contracting in response to maximal none stimuli and previously treated with 
prostigmme, the size of contractions was decreased After the injection of 2 5 
mg cocaine the depression was scarcel} evident as seen m figure 7 (B) As the 
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effect of acetylcholine depended partly on the amount of prosrtigmine present, 
the experiments were repeated with an intra\ cooub infusion of proatlgmine 
The rate of infusion was adjusted so that the sue of tho contractions remained 
constant and the effect of an intra-arterial dose of acetylcholine was then also 
constant. A similar failure of acctj lcholine to act m the presence of cocaine or 
pro cain e was seen m these experiments Harvey (6) observed that In normal 
muscle the twitch following on an intra artenal injection of acetylcholine was 
reduced by procaine In our experiments the more prolonged acetylcholine 



Fio 7 Cat chloraloae Retards u figure 1 Rato of itimulatfon 12 per minute 
The deprtaaiem of muscle tension produced by acetylcholine in the presence of prostlpmlne 
A is abolished by 2 Ji mg cocaine B 


contraction in tho presence of prostigmme was also reduced b} cocaine or pro- 
caine as maj bo noticed in figure 5 

Discussion Harvey (6) has published evidence support mg the view that 
procaine has an action on neuromuscular transmission Idee that of curanne and 
we are in full agreement As might be expected there are some points of dif 
ference m tho action of procaine and curanne and our observations concern 
themselves In the main with these differences When muscle is stimulated 
through the nen e curanne has a much greater inhibiting effect on the normal 
contractions than it has on the contractions after the injection of prostigmme 
On the other hand procaine has very little effect cm normal contractions, but 
greatlj reduces the contractions after the injection of prostigmine Undoubtedly 
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this obsen ation explains the collapse which has been observed when procaine 
has been used for infiltration anaesthesia m patients suffering from myasthenia 
gravis who are constant!} taking prostigmine The same difference between 
procaine and curanne is seen m another waj , after the injection of procaine, 
although the muscle contractions are undimimshed, prostigmine is without effect, 
after the injection of curanne, although the contractions are reduced, prostigmine 
produces an augmentation 

Bfilbnng and Bum (8) have shown that when muscle contractions are in- 
creased by prostigmine the injection of adrenaline causes a further increase. 
We hare found that when procaine is injected so that prostigmine produces no 
augmentation of muscle contractions, adrenaline following the prostigmine still 
augments the contractions Furthermore if muscular contractions are aug- 
mented b} prostigmine, the injection of adrenaline then greatly reduces the ef- 
fect of procaine if this is given after the adrenaline This relation between 
adrenaline and procaine is not surprising if the action of procaine is considered to 
resemble that of curanne The anti-curanne action of adrenaline is well known 

Since procaine has so little action on normal muscle contractions, and so much 
on those augmented b} prostigmine, an altematn e to descnbmg procaine as a 
curarme-hke substance would be to descnbe it ns a substance having a specific 
neutralising action for prostigmine The evidence indicates that this descrip- 
tion would be wrong, for procaine does not abolish or dimmish the effect of pro- 
stigmine when this is gnen in amounts which depress muscle contractions 

Various observations have been made that procaine and cocaine ha\ e a sympa- 
thomimetic action, and also that they either increase or dimmish the action of 
adrenaline Recent observations of this kind have been made b> Macgregor 
(11), Tripod (12), Tnpod and Chakravarti (13) and Philpot (14) In our work 
no results w ere obtained which indicated that procaine or cocaine might be exert- 
ing a sympathomimetic action, their effect was indeed reduced or abolished 
b} adrenaline 

The question remains how to explain the difference between the action of pro- 
caine and curanne Harv e> ’s (6) evidence that m the supenor cervical ganglion, 
procaine diminishes the output of acet} lcholine when the preganglionic fibres 
are stimulated seems to provide the answer If this occurs at the neuromuscular 
junction ns well, then the diminished output of acetylcholine and the euranne- 
bke action co\ er most of the facts 

The curarme-hke action alone is sufficient to account for the pre\ ention of 
paral}sis with fast stimulation m the presence of prostigmine (figure 6, O, and 
for the pre\ ention of paral}sis produced bv injection of acetv lcholine (figure 
7, B ) The curanne-hke action is howev er not sufficient to evplnm the preven- 
tion of the depression produced b} adrenaline (figure 5, /l) for adrenaline itself 
has an action ov ercommg that of curanne Moreov er, as shown m figure 5, B, 
procame and co cain e conv ert the depression produced b} adrenaline in a muscle 
stimulated at higher rates and injected with prostigmine into an augmentation 
This reversal is best explained bv a decreased acetv lcholine production, so that 
the stage of excess is never reached in the presence of cocaine or procame 
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SUMMARY 

1 The interaction of procaine or cocaine with proetignune and adrenaline 
has been studied on the cats gastrocnemius stimulated indirectly by single 
maximal shocks Procaine and cocaine have an action like that of curanne, 
but whereas curanne depresses normal contractions more than it depresses those 
seen after the injection of proetignune procame or cocaine depress those seen 
after proatigmjne very greatly while exerting little action on normal contractions. 

2 After the injection of procame or cocaine the augmentor action of proetig 
mine is abolished, while after the injection of curanne, the augmentor action of 
prostigmine persists 

3 Adrenaline, Injected after prostigmine has been shown to augment muscle 
contractions. Although procaine abolishes the action of prostigmine, it does not 
abolish the augmentor action of adrenaline injected after prostigmine 

4. If adrenaline is injected after prostigmine, the injection of procaine then 
depresses the effect of prosbgmme little or not at all 

fi While the above effects of procaine may be regarded as like those of curanne, 
procame also appears to depress tho production of acetylcholine at the neuro 
muscular junction 

Our thanks are due to Dr Edith BQlbnng for directing this work, and to Mr 
H W Ling for help with the experiments 
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tendency to go into hypoglycemic crises Howevei, they never de\ eloped 
permanent diabetes insipidus, showed either a temporary increase of water ex- 
change lastmg for 1-3 days postoperativelj or no increase at all The median 
eminence was not destroyed in these animals, it was still capable of producing 
antidiuretic hormone 

In contrast to this the neurohypophysectomized dogs developed permanent 
diabetes insipidus Within the first 24 hours after the operation thej showed 
polyuria and polydipsia, which became more pronounced on the second day and 
lasted for 5-7 days This phase of temporary diabetes insipidus was follow ed by 
a return to normal water exchange for 3-6 days (normal mterphaso), after which 
permanent diabetes insipidus developed by the I0th-12th postoperatne day 
The diabetes insipidus persisted from then on over a period of observation of 4 

TABLE 2 

Water excretion after ingestion of water and the effect of morphine on water diuresis tn 
hypophysectomized dogs 

All experiments started 17-18 hours after last feeding Amount of first water 40 cc /kg 
by stomach 3 hours later bladder emptied by catheterisation and second water (40 
cc /kg ) given by stomach Time of morphine administration as in table 1 Injected 
either suboutaneously (5 mg /kg ) or intravenously (2 5 mg /kg ) 
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years These animals excreted 3500-6800 cc of urine daily They had nor- 
mally functioning anterior pituitary glands, as evidenced by their normal post- 
absorptive blood sugar levels, their ability to withstand fasting for a period of 
eight days as well as normal animals and their normal response to insulin Only 
two dogs of this group were somewhat more sensitive to insulin than the normal 
dogs, but even those were by no means as sensitive as the adenohypophysecto- 
mized animals 

The hypophysectomized animals excrete water much more slowly than the 
normals, the amount of urine excreted m the 3 hours following the administration 
of the second dose of water w'as an average of 52% (table 2) as compared to the 
average of 90% for normals (table 1) This protracted excretion of water may 
be due to the diminished blood pressure (Houssay 12) and decreased renal blood 
flow with resultant diminished glomerular filtration as found by White, Hem- 
becher and Rolf (13) m adenohypophysectomized animals Morphine produces 
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a very marked antidiuretic action m these am mala (table 2), i.e in this respect 
the hypophyBectomixed animals do not differ from the normal or adrenal 
Inactivated animals 

However, entirel} different results were obtained with the diabetes insipidus 
animals. These animals excreted the ingested water much mare rapidly than 
the adenohypophysectomixed dogs, but not quite as promptly as the normal 
anbrudw (table 8) The amount of urine excreted in 3 hours, by the 10 diabetes 
insipidus dogs in 92 experiments following the ingestion of water was an average 
of 73% as compared to the average of 60% in normal dogs It should be noted 
that the figures representing the percentual recoveries of the water administered 
by atomach in the diabetes insipidus dogs show a greater deviation from the 
averages than that observed in normal animats This is quite understandable 
considering the greatly increased water exchange present in these animal* 

As can be seen in table 3 morphine (given 40 minutes after the administration 
of water by stomach tube) did not inhibit the water diuresis in the diabetes 
insipidus dogs 

In another scries of experiments the water was infused intravenously using 
the aamn t echni que as described above for normal animals. As can be seen m 
table 3, the water was excreted usually in excess, and morphine, given 15 minutes 
before the beginning of the water infusion did not mhfbit the water diuresis. 
The diabetes insipidus dogs while under the influence of morphine, excreted in 
3 hours an average of 107% of the intravenously administered water in contrast 
to the average excretion of 14% observed in normal animals under similar con 
dltions 

It is thus clear that morphine has no antidiuretic action in the diabetes insipidus 
dogs but mhibita water diuresis only if a functioning neurohypophysis is pr es ent 
in the ammkl in other words the antidiuretic hormone of the neurohypopbyms is 
necessary for the antidhiretic action of morphine 

The effect of morphine on chloride exaction and ealxne diuresis In search of 
further evidence that the antidiuretic hormone of the pituitary gland is involved 
in morphine anti diuresis, studies were made of the effect of morphine on urinary 
chloride concentration and on saline diuresis It is well established that the 
antidiuretic hormone of the posterior pituitary gland brin gs about a percentual 
and absolute increase in the urinary chloride excretion and also that it either does 
not inhibit saline diuresis at all or inhibits it to a leaser degree than it does water 
diuresis depending upon the concentration of sodium chloride solution infused 
intravenously These changes are quite characteristic of the antidiuretic hor 
mone of the pituitary gland and if morphine produoed similar changes, it would 
be further strong evidence m favor of the fact that the neurohypophysial anti 
diuretic hormone is essential to morphine antidruresis To a senes of normal 
dogs the first and second doses of water were given in the usual way and the 
chloride excreted In the unne during the 3 hours following the administration of 
the second water was determined. The experiments were then repeated with 
the a dminis tration of the usual dose of morphine given as described above 
In order to obtain the chlorides quantitatively (especially in the morphine expen 
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morphine excreted m c\ cry instance only a small fraction of the second water 
(see table 1) Though it is clear that in these experiments morphine could not 
haVe interfered with the absorption of water, an additional senes of experiments 
were earned out in which the second water was administered intravenously 
(25 cc /hg ) Table 1 shows that m the animals which did not receive morphine 
the intravenously administered water was excreted either quantitatively or in 
excess In 6 out of 14 expenments the excreted amount vaned between 121 
and 142%, m the remainder, the excreted amount was between 88 and 100%. 
The water was infused into a large v cm, slowly , over a penod of 30 minutes to 
minimize the occurrence of hemolysis In some cases the unne was entirely free 

TABLE 1 


Water excretion after ingestion or intravenous infusion of tr ater and the effect of morphine on 
water diuresis in normal dogs 
All expenments started 17-18 hours after last feeding 
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* Time of morphine administration 40 minutes after tho second doso of water was ad- 
ministered, when this was gi\en by stomach, or 15 minutes before tho intravenous Infusion 
of the second doso of water w as started In the former case tho urine cxcroted in tho inter- 
val botween the administration of the second dose of water and tho injection of morphine 
was quantitatively collected and deducted from the total amount of second water in 
calculating tbo pcrcentunl recovery 

from hemoglobin However m most cases some degree of hemolysis did occur 
The amount of hemoglobin m the unne varied, the unne in the majority of the 
expenments containing only small amounts Morphine, which was injected 
15 minutes before the infusion of water was started, inhibited the excretion of 
water in these expenments to prcciselv the same degree as it did in those expen- 
ments in which the second water was given bv stomach 

It was thus conclusively established that morphine exerts an inhibiting in- 
fluence on w ater diuresis independent of any effect it may have indirectly through 
its gastro intestinal or thirst-abolishing actions 

With the antidiuretic action of morphine thus clearly demonstrated, expen- 
ments were devised to investigate the mechanism of this action 

The effect of morphine on water diuresis in adrenal-inactivated dogs Smce it 
was shown by Bodo, Co Tui and Benaglia (7) that morphine bnngs about the 
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liberation of adrenaline from the adrenal glands the possibility that renal 
ischemia produced by adrenaline might be the immediate cause of the morphine 
antidluresis had to bo considered Richards and Plant (8 0) and Richards and 
Schmidt (10) have shown that adrenaline in email doses constricts preferentially 
the efferent artenoles of the kidney and thereby while decreasing the blood flow 
through the kidney increases the intra glomerular pressure and hence the urine 
formation However larger amounts of adrenaline may constrict effectively 
both the afferent and efferent vessels with resultant diminished blood flow 
intrnglomerular pressure and urine formation If morphine inhibits water 
diuresis by causing renal ischemia we have to assume that adrenaline is liberated 
m such quantities that it constricts the afferent vessels also 

In order to investigate this possibility the effect of morphine on water diuresis 
in adrenal inactivated dogs was studied The adrenal inactivation consisted 
of removal of the right adrenal gland and denervation and demedullation of the 
left. For details of the operative technique see Bodo et al (7) Only those 
animals are included here in which the histological examination of the left adrenal 
gland removed at autopsy verified the absence of the medullar} tissue 

These animals excreted water (second dose) like the normal animals and mor 
phino (given 40 minutea after the second dose of water) inhibited the water 
diuresis to the same extent as in the normals therefore the adrenaline liberated 
by morphine cannot be considered to be the cause of the antidiuresis 

The effect of morphine on t cater diuresis in hypophysectonmed and in diabetes 
insipidus dogs The next step in the analysis was to study the rtle of the pitui 
tary gland in morphine antidiuresis. For this purpose two types of animals 
were used In the first type the entire adenohypophysis (pars distalis pars 
intermedia and pare tube rails) and in addition the infundibular process (neural 
lobe) was removed in one piece In the second type a high hypophysial stalk 
section was earned out with additional hypothalamic injury resulting in loss of 
function and degeneration of the entire neurohypophyaia (Infundibular process 
infundibular stem and median eminence) The first type wo designate as hy 
pophyaeciornired dogs, the second os diabetes insipidus or nourohypophysecto- 
mued dogs. The hypophyaectomies were done by the oral approach the 
hypophysial stalk sections and hypothalamic injuries were done either by the 
temporal route or by the oral route. For further details see de Bodo et al (11) 
The hypophyaectomies were considered complete only if the sections of a block 
m eluding the body of the sphenoid bone the fibrous tissue occupying the sella 
turcica and the overlying brain tissue did not contain pituitary cells and the 
thyroids adrenals and gonads showed the typical atrophic changes characteristic 
of animals from which the entire adenohypophysis has been remo\ed The 
hujt-ological studies were made by Dr David Marine Director of the Laboratories 
of Montefiore Hospital New York City A detailed report of these studies is 
now m preparation and will be published in the near future in collaboration with 
Dr Marine 

The hypophysectomixed animals had a low postabsorpth e blood sugar level, 
were sensitive to insulin were unable to withstand fasting and showed a marked 
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tendencj to go into hypoglycemic crises Howevei, the} ne\er developed 
permanent diabetes insipidus, showed either a temporary increase of water ex- 
change lasting for 1-3 dajs postoperative]} or no increase at all The median 
eminence was not destroyed in these animals, it was still capable of producing 
antidiurctic hormone 

In contrast to this the neurohypophi seclomized dogs developed permanent 
diabetes insipidus Within the first 24 hours after the operation thoy showed 
polyuna nnd pol}dipsia, which became more pronounced on the second day and 
lasted for 5-7 days This phase of temporarj diabetes insipidus w as follow cd by 
a return to normal water exchange for 3-6 days (normal mterphnse), after which 
permanent diabetes insipidus developed b} the 10th— 12th postoperative da> 
The diabetes insipidus persisted from then on over a period of observation of 4 

TABLE 2 

Water excretion after ingestion of water and the effect of morphine on water diuresis m 
hypophysceiomizcd dogs 

A11 exponment* stnrted 17-18 hours after lost feeding Amount of first water 40cc/kg 
by stomach 3 hours later bladder emptied by cathoteriiation nnd second wator (40 
cc /hg ) givon by stomach Time of morphino administration ns in table 1 Injected 
cither subcutaneously (6 mg /kg ) or intravenously (2 5 mg /kg ) 


DOC 

number 

NUMRER 

or zxm 

DOSE or 
MORPHINE 
SULPHATE 

URWE DURING 3 
HBJ IH % or 
IECOHD WATT* 
GIVEN 

AVERAGE (MW 
MAX-) 

IN 

NUMBER 
or rxn 

DOSE or 
MORTODfl 
IULPHATE 

URINE DURING 3 
HRL IN % or 
WATER GIVEN 
AVERAGE (MW 
MAX.) 



"t fit 




nt fit 


HS 

5 


69 (47 , 73) 

H 8 

6 


61 (47 , 63) 

II 5 

2 

6 , 5 

17 (12 , 22) 

H 8 

2 

5 , 2.6 

7 ( 3,11) 

H 6 

6 


66 (48 , 72) 

H 9 

5 


48 (42 , 66) 

H 6 

2 

5,26 

16 (10 , 20) 

H 9 

2 

6,2.5 

10 (6,14) 

H 7 

6 


61 (40 , 60) 

H 10 

6 


49 (46 , 65) 

H 7 

2 

5,26 

19 (10 , 22) 

H 10 

2 

6,2.6 

8 (4,12) 


years These animals excreted 3500-0800 cc of urine dail} Thoy had nor- 
mally functioning anterior pituitar} glands, as et idenced by their normal post- 
absorptive blood sugar levels, their ability to withstand fasting for a period of 
eight da} s as w ell as normal animals and their normal response to insulin Only 
tw o dogs of this group w ere somew hat more sensitive to insulin than the normal 
dogs, but even those were by no means as scnsitn e as the adenohypophysecto- 
mized animals 

The hypophysectonuzed animals excrete water much more slowly than the 
normals, the amount of urine excreted in the 3 hours following the administration 
of the second dose of water was an average of 62% (table 2) as compared to the 
average of 00% for normals (table 1) This protracted excretion of water may 
be due to the diminished blood pressure (Houssa} 12) and decreased renal blood 
flow with resultant diminished glomerular filtration as found by White, Hein- 
bccker and Rolf (13) in adenohypophysectomized animals Morphine produces 
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a very marked antidiuretic action m these animals (table 2) 1 e in this respect 
the hypophysoctomiced animals do not differ from the normal or adrenal 
inactivated animats 

However, entirely different results were obtained lyith the diabetes insipidus 
Animal* Theee animals excreted the ingested water much more rapidly than 
the adenohypophynocto mixed dogs, but not quite as prompt!} as the normal 
animals (table 3) The amount of unne excreted m 3 hours, by the 10 diabetes 
insipidus dogs in 92 experiments following the ingestion of water was an average 
of 73% as compared to the average of 90% in normal dogs. It should be noted 
that the figures representing the pereentual recoveries of the water administered 
by stomach in the diabetes insipidus doga show a greater deviation from the 
averages than that observed in normal animals This is quite understandable 
considering the greatly increased water exchange present m these animals 

As can be seen in table 3 morphine (given 40 minutes after the administration 
of water by stomach tube) did not inhibit the water diuresis in the diabetes 
insipidus doga 

In another series of experiments the water was infused intravenously using 
the same technique as described above for normal animals As can be seen in 
tablo 3, the water was excreted usually in excess, and morphine, given 16 minutes 
before the beginning of the water infusion, did not inhibit the water diuresis. 
The diabetes insipidus dogs while under the influence of morphine excreted in 
3 hours an average of 107% of the intravenously administered water in contrast 
to the average excretion of 14% observed in normal animals under similar con 
ditions. 

It is thus clear that morphine has no antidiuretic action m the diabetes insipidus 
dogs but inhibits water diuresis only if a functioning neurohypophyria is present 
m the anlmhl, in other words the antidiuretic hormone of the neurohypophysis is 
necessary for the antadmretac action of morphine 

The effect of morphine on chloride excretion and eahne diureeig In search of 
further evidenoe that the antidiuretic hormone of the pituitary gland is involved 
in morphine antidhiresis, studies were made of the effect of morphine on urinary 
chloride concentration and on saline diuresis It is well established that the 
antidiuretic hormone of the posterior pituitary gland brings about a pereentual 
and absolute increase in the unnary chloride excretion and also that It either does 
not Inhibit saline diuresis at all or inhibits it to a leaser degree than it does water 
diuresis depending upon the concentration of sodium chloride solution infused 
intravenously These c ha n g es are quite characteristic of the antidiuretic hor 
mane of the pituitary gland and if morphine produced similar changes, it would 
be further strong evidence m favor of the fact that the neurohypophysial anti 
diuretic hormone is essential to morphine antidiuresis To a series of normal 
dogs the first and second doses of water were given m the usual way and the 
chloride excreted in the unne during the 3 hours following the administration of 
the second water was determined The experiments were then repeated with 
the administration of the usual dose of morphine given as described above 
In order to obtain the chlondes quantitatively (especially in the morphine expert 
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ments) after the catheterization the bladder was washed with 250 cc of water 
Chlorides were determined b> a modified I olhard-Harte} method (Peters and 
\ an Slj’he, 14), adding two drops of caprjlic alcohol to promote coagulation of 
the sih er chloride and filtering the solution 

TABLE 3 

H ater excretion after ingestion or intravenous infusion of water and the effect of morphine on 
water diuresis jn diabetes insipidus dogs 

All experiments started 17-18 hours aftor last feeding Time of roorphino administration 
as in tablo 1 Injected either subcutaneouslj or intravenously 


DOO NVKBtX 

A WATTS (40 CC./XO.) CIVZH BY STOUAOI 

B WATT* (25 CC./KC ) Ctvr* BY VXD! 

Number 
of exp* 

D«e of 
morphine 
sulphate 

Urine during 3 hr* Id 
/© of wmter pren 
Avenge (min mu ) 

Number 
of exp* 

Dose of 
morphine 
sulphite 

Urine durinx 3 hr*. In 
% of inter firtn 



nr /»r 



"r./ir 


DI2 

13 


73 (66 , 88) 

2 


194,135 


3 

5 

70 (68 , 73) 

2 

5 

101 , 76 

DI6 

mm 


81 (65 , 148) 

o 


249 , 137 


MM 

5 

8S (87 , 80) 

2 

5 

114 , 112 

DI 13 

MM 


08 (81 , 117) 

2 


106, 107 


MM 

5 

87 (82 , 92) 

2 

5 

125, 79 

DI 15 

■s 


70 (62 , 91) 

2 


128,130 


Mm 

5 

60 (61 , 68) 

2 

5 

61 , 77 

DI 17 

u 


102 (84 , 133) 

2 


122 , 181 


2 

5 

81 (77 , 85) 

o 

5 

126 , 131 

DI 12 

7 


71 (66 , 81) 

2 


128 , 114 


2 

5 

69 (6S , 70) 

2 

5 

101 , 97 

DI 10 

7 


84 (64 ,131) 

2 


132 ,122 


2 

5 

85 (82 , 88) 

2 

5 

114 , 116 

DI 18 

6 


78 (65 , 96) 

2 


127 , 131 


2 

5 

75 (74 , 76) 

2 

5 

115 , 120 

DI 7 

6 


98 (92 , 109) 

1 


122 


1 

5 

92 

1 

5 

116 

DI 14 

3 


71 (68 , 78) 

1 


158 


1 

5 

98 

1 

5 

179 


Table 4 shows the changes in chloride excretion mduced bj morphine It can 
be seen that the urine excreted during the period of morphine action contains in- 
creased amounts of chlorides — both relatively and absolutelj In other words 
the changes produced b> morphine are similar to those produced by pituitrm 
However.it should be emphasized that these changes may not occur if the animal 
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vomits repeatedly due to morphine and thereby loses chlorides On a larger 
number of animals it wns observed that no -vomiting occurred when morphine 
was injected intravenously Therefore the intravenous administration of mor 
phrne was used in the experiments in which the unnan chlonde excretion was 
studied , 


TABLE 4 

Tkt tfftd. of morphint on urinary chloride oxer ttion in normal dogs 
All experiments started 17-18 hours after last feeding Amount of firrt water 40 ec./kg 
by » torn* eh 3 hours later bladder emptied by catheterisation ,and second water (40 ec.Al 
given by stomach Time of morphine admlnlitratlon u In table 1 Injected J ntra ve- 
nom ly (2 A mg pc g ) 



A, Coetnri tip* 

B MmpUm npL 


-I % 

mtJU^ 

«« % 

MtJluwT 

N 1 

2 M 

3 94 

166 0 

0 45 

N 2 

5 62 

6 02 

172 J 

12 83 

N 3 

4 20 

8 IS 

221 4 

21 30 

N4 

4 39 

8 11 

106 0 

18 21 

N 5 

3 64 

6 64 

240 6 

11 36 

NO 

4 63 

8 81 

232 3 

12 66 

N 7 

2 42 

6 42 

86 67 

16 41 


TABLE 6 

Tkt effect of posterior pituitary extract on voter exchange in diabetes injiptdiu dogs 


All experiments started 17-18 hour* after last feeding The bladder of each animal 
wu emptied by cathetematfoo. Animals allowed to drink ad lib Pltultrin (Parke 
Davis & Co ) injected subcutaneously Dom 100-200 mllllunlts 


too nmu 

vumxcuKiiicisroVni. 

K. Control txymV'fcfiti 

B Ptaritrin tipikiwU 

Vito dnak 

UrtM •atpvt 

W Ur druak 

Urla* *wtpot 


ee. 

«. 

tt 

ft 

DI2 

060 

830 

220 

330 

DI6 


056 

190 

290 

DI13 

1060 

020 

210 

336 

DI 16 

1240 

1000 

160 

185 

DI 17 

1180 


220 

207 

DI 12 

090 

8M 

230 

190 


Each figure represents the average of 5-6 experiments 


The effect of morphine on saline diuresis is also similar to that of pituitnn 
Depending upon the concentration of sodium chlonde solution infused intra 
venously it either does not inhibit saline diuresis at all or inhibits it to a lesser 
degree than it does water diuresis 

The effect of morphine plus injected pxtmtnn on water dturesu in diabetes t nxipidu* 
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dogs In evaluating the nMe of the antidiuretic hormone of the pituitaiy gland 
in morphine antidiuresis two possibilities must be considered Morphine may 
potentiate the antidiuretic action of the circulating neurohypophysial hormone 
and thereby inhibit water diuresis or it may stimulate the production or increase 
the liberation of the antidiuretic hormone from the ncurohypophvsis 
In order to test the first possibility the following ex-penmen ts were earned out 
In a senes of e\pcnmcnts diabetes insipidus dogs were given varying doses of 
postenor pituitary extract until that dose was found which would lower their 
water exchange to a more or less normal level without however presenting the 
quantitative excretion of water administered by stomach tube (first and second 

TABLE 0 

The effect of posterior ■pituitary extract and morphine plus posterior pituitary extract on water 
diuresis in diabetes insipidus dogs 

All oxperimonts started 17-18 hours after last feeding The bladder of each annnal 
was emptied by catholomation 100-200 milltuntta of Pituitnn (Parke, Davis d. Co ) 
injected subcutanoously Ono hour later 40 cc /kg water given by stomach tube When 
morphino was given, it was injocted Intravenously (6 mg /kg ) 40 minutes after the ad- 
ministration of tho water by stomach tube * 


DOG KT7MBC* 

| u*Dfr ctnuxo 3 n*« w % o? watm otvsc stomach rrerf 

A Pllultrin 

B Morphine + pitaltrln 


u 

cc 

DI2 

71 

09 

DI6 

97 

8S 

DI 13 

98 

91 

DI 15 

60 

01 

DI 17 

1 74 

70 

DI 12 

85 

87 

Avorago 

82 

79 


* Tho unno ercroted in tho internal botwoen tho administration of water and tho in- 
jection of morphino was quantitatively collected and deducted from the total amount 
of wator in calculating tho pcrccntual recovery 

t Each figure represents tho average of 3-1 experiments 

doses) As can be seen m tabic 5 100-200 milliumts of pitiutnn gjven subcu- 
taneously lowered tho water exchange of tho diabetes insipidus dogs from the 
characteristically lugh level to a relatively normal level which persisted through- 
out tho period of observation of 6 hours When this amount of pituitnn was 
given and one hour later 40 cc As wnter was administered by stomach tube, 
82% of the w ater vv as excreted on the av crage (table 0) When the same expen- 
ment was repeated and in addition morphine was injected intravenously 40 
minutes after the administration of tho w ater by stomach, the excretion of water 
was about the same as vv ithout the drug (table 6) If morphine exerted its anti- 
diurctic action in the normal animal by potentiating the effect of the circulating 
antidiuretic hormone of the postenor pituitary gland, it should bav e reduced tho 
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excretion of the administered water m these experiments as it did in the normal 
wnimnlw Since it had no such effect, it can be concluded that morphine does not 
exert its antidiuretic action in the normal animal by potentiating the circulating 
posterior pituitary hormone but by increasing the secretion or liberation of the 
hormone. This might be a “release phenomenon' or morphine may actually 
stimulate the hypothalamlco-hypophysial system either by acting on the supra 
optic or paraventricular nuclei or on the pituitnn secreting cells themselves 

Discussion and conclusions There are still a few points that need further 
elucidation It is well known that many forms of smooth muscle are stimulated 
to increased contraction and tone under the Infl uence of morphine and the other 
phenanthrene alkaloids Tho bladder and ureter might be included in this group 
It was shown by Edmunds and Roth (15) that morphine causes an increase In 
tone and hi amplitude of contractions of the cat s bladder whether In mtu or 
isolated, which was abolished by atropine Van Dusemet ah (16) showed that 
the detrusor muscle of the bladder is stimulated by morphine Macht (17) 
found that morphine increases the contractions and produces a greater tonicity 
of tho ureter whether isolated (pig human) or in situ (rabbit) Ockerblad et al 
(18) and Carroll and Zlngale (19) found the same for the intact human ureter 
and also showed that these contractions induced by morphine were abolished by 
atropine. 

There is t hen sufficient evidence to show that morphine increases the tone and 
contractions of the ureter and bladder either in situ or when isolated and that 
this effect is abolished by atropine. This effect of morphine la given in the text- 
books as tho explanation for the urinary retention observed in animals and humans 
and for the inhibition of water diuresis. However this explanation is invalid 
The action of morphine on the bladder and ureter cannot account for its anti 
diuretio action m normal animals first because morphine must act equally on the 
bladder and ureters of the diabetes insipidus and normal animals since it acta 
even on the isolated organs, but despite this adtaon morphine produces no anti 
diuretic effect in diabetes insipidus animals Secondly, atropine abolished the 
action of morphine an the ureter and bladder but the anti diuretic action of 
morphine is not influenced by the presence or absence of effective doses of atro- 
pine. The evidence for this will be presented in another paper 

Another question that has to be dealt with here is the possible effect of mor 
phine upon the composition of blood plasma as a cause of its anti diuretic action. 
8ome anesthetics (barbiturates) in full anesthetic doses cause a transient hemo- 
dllutoon often followed by hemoconcentration If a similar hemoconcentration 
resulted from morphine administration, its antidiuretic effect might be attributed 
to this effect However morphine even m much larger doses than used m our 
experiments caused only negligible changes in hematoent readings (Green 
et al 20) Thus hemoconcentration and oligemia cannot be considered as the 
cause of morphine anti diuresis 

The experiments presented m this paper lead us to the conclusion that mor 
phme inhibits water diuresis by an action upon tho hypothalamico-hypophysial 
system It is of interest to attempt to investigate the more intimate mechanism 
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of this action M Pickford (21) has shorn) that acetylcholine inhibits water 
diuresis m the normal dog, that this inhibition is accompanied by a percentual 
and absolute-nse in the unnniy chlondes and that the antidiuretic effect does not 
occur after removal of the posterior pituitary body Bemhcim (22, 23) presented 
evidence that morphine inhibits cholinesterase, Slaughter etal (24, 25) found 
that esenne potentiates some of the effects of morphine In view of these exper- 
imental findings the concept suggests itself that acetylcholine may be imolved 
in the antadiuretic action of morphine This mil be discussed in a further pub- 
lication 

suxiMAni 

1 When normal dogs in the postabsorptnc state and in water equilibrium are 
gn on water, either by 6tomach (40 cc /kg ) or by slow intravenous infusion (25 
cc /kg ), they excrete it practically quantitatively within three hours 

2 The water administered by stomach (40 cc /kg) is completelv absorbed 
from the gastro-intestinal tract in 40 minutes 

3 Morphine, given 40 minutes after the administration of water by stomach 
or 15 minutes before the intravenous infusion of water is started, inhibits water 
diuresis very markedly (excreted amount 2-15%) 

4 The inhibition of water diuresis due to morphine is accompanied by a per- 
centual and absolute increase in chloride excretion 

5 Morphine cither does not inhibit saline diuresis or inhibits it to a lesser 
degree than it does water diuresis 

G The adrenaline liberated due to morphine is not involved in the morphine 
nntidiurcsis 

7 Morphine docs not inhibit water diuresis in diabetes insipidus dogs It in- 
hibits water diuresis only' if a function mg neurobypopbyms is present m the 
animal, the antidiuretic hormone of the neurohypophysis is necessary for the 
antidiuretic action of morphine 

8 Morphine does not potentiate the antidiuretic action of the circulating pos- 
terior pituitnrv hormone 

9 Morphine brings about ttie liberation of the antidiuretic hormone by acting 
on the hypothalamico hypophvsial system 
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The toxic effect of sulfanilamide in humans appears to be reduced by ascorbic 
acid (3,4) In order to determine the relationship between sulfanilamide and 
vitamin C in another species unable to synthesize C, the guinea pig was chosen 
as an ideal animal Tlus paper is concerned with the effect of ascorbic acid on 
the toxicity of sulfanilamide m guinea pigs 
Methods The amount of sulfanilamide which kills fifty per cent of the 
animals (LDw) was determined according to the methods of Gnddum (6) and of 
Bliss (1, 2) 

The sulfanilamide was administered by stomach tube as a twenty per cent 
suspension in water, and the dose was calculated in terms of grams per kilogram 
of bodj weight All animals were observed for seven days 
Guinea pigs used in these experiments belonged to both sexes and weighed 
approximately 300 grams Ml animals were observed for at least three day’s 
before being used 

The LD m was determined for both fasting and non-fasting guinea pigs Non- 
fnstmg animals were fed on a diet of mixed grains, cod liver oil (U S P XI), 
brewer’s yeast (Fleischman), and greens ad lib Food was refnoved from the 
cages of fasting animals about fifteen hours before treatment was begun 
The non-fasting animals were divided into two groups a) normal and b) high 
) vitamin C The fasting nmmals were divided into three groups a) normal, 
b) lugli vitamin C, and c) depleted 

Ascorbic acid (Merck’s Cebionc) -w as administered mtrapcntoneally m aqueous 
solution freshly prepared prior to each senes of injections, and the pH was ad- 
justed to approximately 7 4 

Guinea pigs receiving ascorbic acid were injected several times dunng the 
experiment to maintain a high blood vitamin C Some were injected with 
10 0 mgm ascorbic acid ) hour prior to the administration of the single dose of 
sulfanilamide, 10 0 mgm 1 hour after, and 10 0 mgm again 2} hours after the 
sulfanilamide had been given Others wore given, in addition to these three 
doses, a fourth injection of 10 0 mgm on the day of the sulfanilamide dosage 
and three 10 0 mgm injections dadv for two successive days As there was no 
significant difference between these two scries of guinea pigs receiving ascorbic 
acid, they were combined and are referred to ns the high vitamin C nmmals 
Animals were depicted by depriving them of greens for ten day’s 
Results The LDio of sulfanilamide for normal, non fasting guinea pigs 
is 3 13 grams per kg, for fasting, normal guinea pigs, 2 16 grams per kg 
Neither massive repeated injections of ascorbic acid nor ten, day depletion of 
vitamin C affects the acute toxicity of sulfanilamide for guinea pigs 
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TABLE 1 


LD h l of tulfanilamid* forfaiting and non failing guinea jngt in different tlaltt of titamin 
C nutrition 


«w-tattd« omiu noa (vat jm.Y Hit) 

TATrnro citttta no* (iwwnwwirt, DM) 

Do. | li*Ul O’ | 

Do** | Mertalty | Prr c*ct wrUSty 


Nomad animals 


t*3 fW*t 

3 90 

3/< 

75 

pet tw *| 

3 87 

10/11 

1 

3 60 

1/-* 

25 

3 35 

13/14 

03 

3 45 

*P 

57 

2 92 

12/14 

80 

3 38 

10/23 

83 

2 58 

24/31 

77 

3 31 

3/8 

38 

2 41 

10/20 

80 

3 21 

i/< 

25 

3 24 

4/11 

36 




1 00 

3/11 

18 

ld„ 

- 3 13 (2 78-3 51) 

LD U 

- 2 10 (1 97-2 30) 


High Titamin C 


3 45 

4/5 

80 

3 87 

15/16 

94 

3 38 

16/30 

60 

3 36 

10/19 

84 




2 02 

17/10 

89 




2 24 | 

4/22 

18 




1 90 ! 

7/22 

32 

LDu 

- 8 29 (2 90-3 75) 

LDu 

- 2 40 (2 10-2 63) 


Vitamin C depleted 




2 58 

e/7 

i 86 



2 24 

8/12 

67 



1 90 

4/13 

31 



LDu 

- 2 05 (1 78-2 35) 


Since alope* (b) for these groupe do not differ aignlfleantly all LDu a wore calculated 
with a compoaite *b which la equal to 7 .537 ± 1.154 

Figure* in parentheses following the LDu a refer to Range of LD„ 95 times In 100 

TABLE 2 


Bifnificanl difference of means between LDu t of tvlfartHermde for failing end non-f ailing 
guinea pigt in different ttalei of n’/ania 0 mifri/ioa 



rawimm 

| TArrnro 


Ntnti 

VUajxI* C 

Hanmb 

Vlturin C 

TTtradaC 

Non Fasting 






Normal* 


0 56 

4 46 

3 28 

4 40 

Vitamin C 

0 66 


5 *7 

3 62 

4 67 

Faatlng 


1 ! 




Normal* 

4 40 

5 37 


1 51 

0 61 

Vitamin C 

3 28 

3 62 

1 51 


1 88 

Vitamin C depleted 

4 40 

4 07 

0 61 

1 88 



Any number greater than 2 75 Indicates that the difference between the compared 
LD„ a b rignlficant (Probability - .01 (t - 2 75) for 30 or more mimil. (B) 
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8UMMAH1 

1 The LDw of sulfanilamide for fasting guinea pigs is ergnificanth less than 
that for non fasting animals 

2 Vitamin C has no influence on the acute toncitj of sulfanilamide for guinea 
pigs 
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COMPARISON OF T HE ACTION OF 1 ETHYL THEOBROMINE AND 
CAFFEINE IN ANIMALS AND MAN 

CHARLES C SCOTT and K K. CHEN 
From tAi Lilly Rtuartk Laboraloria Eli Lilly and Company Indianajxtht 
Reoeirtd foe publication July 38 1044 

Although 1 -ethyl theobromine has long been known in chemical literature, 
study of its pharmac ologic action has been meager indeed The compound was 
first prepared by van der Slooten (1) In 1897 but nothing of its pharmacology was 
recorded until 1006 by Borgell and Richter (2) Tho latter authors concluded 
that 1-ethyl theobromine possessed a diuretic action about equal to caffeine no 
mention of other actions being included in their report. Subsequently, only 
different methods for preparation of this substance were published 
Tho various xanthines are known to ha\ e similar effects on different functions 
of the body, but these actions vary in degree Thus, theophylline although su 
peri or as a diuretic is less stimulating to respiration than caffeine Stimulation 
of the central nervous gyBtem b> caffeine has long been known and exhaustively 
studied in all aspects. In this respect caffeine may be superior to benzedrine 
(3) but the diuretic action of the former is considered by some to be a slight dis- 
advantage Substitution of the methyl group m the 1 position of the caffeine 
molecule with other alkyl groups might enhance the stimulating effect on the 
nervous system while leaving the diuretic action unchanged or even decTcaaod 
In tho present report the pharmacology of caffeine is compared to its closest 
substitution product 1 -ethyl theobromine The latter compound was goner 
ously supplied by Dr L P Kyndes of the Monsanto Chemical Company Bt, 
Louis. 

General properties. 1 Ethyl theobromine is a Ykhite crystalline substance, 
soluble m water and aloohol, slightly soluble m ether, and readily soluble m 
chloroform or nad water It haa a melting point of 165-16d°C The structural 
formula of the compound is the came as that of caffeine except an ethyl group is 
substituted for tho methyl radical m the 1 -position 
Action on the central nervous ststeu. Conoids ire action tn mice Fol 
lowing injection into the tail vein of starved albino mice, 1-ethyl theobromine pro- 
duced convulsions similar to those of caffeine that is, mainly tetanic in nature. 
These convulsions were about 1 minute m duration and If death did not result, 
the animals recovered rapidly A penod of increased motor activity (restless- 
ness) was noticeable for 1 or 2 hours thereafter Table 1 shows the results of a 
determination of the median convulsive dose as calculated by the method of Bliss 
(4) Caffeine was tested at the same time for comparison. 1 Ethyl theobro- 
mine appeared to be about 60 per cent more stimulating to the central nervous 
system than caffeine os j udged from doeage 
Studies m human beings Six healthy young adults acted as subjects to test 
the effect of 1-ethvl theobromine on finger tapping rate and critical fusion fre 
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quency of flicker According to Simonson and Enzer (5, 6), finger-tappmg rate 
and critical fusion frequency measure the function of motor centers and visual 
centers, respectively These tests also have been employed by Steinhaus and 
Kelso (7) in studies of efficiency of hu m a n beings Furthermore, Simonson and 
associates (8, 9) have shown that amphetamine and pervitin produce increased 
scores in these tests, while alcohol (10) has a depressant effect Thus, it appears 
that these procedures measure the degree of efficiency of the central nervouB 
system 

The 6 subjects were trained for more than a month before the actual test 
period The tests were run on 9 consecutive working days (Monday to Fnday, 
inclusive) The subject was told he would receive either 1-ethyl theobromine, 
caffeine, or a placebo, but did not know specifically which compound was to be 
given The drugs were administered orally m gelatin capsules to avoid discovery 


TABLE 1 

The median convulsive doses of 1 -ethyl theobromine and caffeine by intravenous 
injection into mice 


DII7G 

rxrtE 

NtntWE ccwvt tl & td / 
Ktnrum used 

omiut. 


nr ferie 


«r terkl 

1 Ethyl Theobromine 

60 

I 

54 1 ±2 0 


66 




62 

I 8/10 



80 

10/10 


Caffeine 

50 

0/5 

84 4 ±4 9 


80 

4/10 



100 

8/10 



125 

10/10 



by taste The dosage used was 200 mg in each case After the subject took the 
capsule at 8 00 a.m , hourly tests were run throughout the day until 4 00 p.m , 
inclusive Subjects were not allowed to have coffee, tea, or other caffeine- 
containing beverages on test days All individuals continued their usual work 
in the laboratories during the experimental period 

The results of the finger-tappmg tests are shown m table 2 Both 1-ethyl 
theobromine and caffeine produced consistently greater scores The differences 
between treatments (placebo, 1-ethyl theobromine, and caffeine) were highly 
significant when submitted to an analysis of variance (11) Furthermore, 
caffeine w as somewhat more effective than 1-ethyl theobromine m stimulating the 
rate of finger-tappmg 

In table 3 are seen the effects of these compounds on critical fusion frequency of 
flicker Here tho mean values ob tamed with both 1 -ethyl theobromine and 
caff erne were always greater than those of the controls Statistical analysis also 
showed these differences to be highly significant Caffeine was found again to 
be more stimulating than 1-ethyl theobromine m equal dosage 
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During the 9-da> test period the subjects each day were gi\ cn a questionnaire 
to answer This consisted of three questions concerning (1) subjective fcolmgs 
the samo day (2) falling asleep on going to bed and (3) subjective feelings tho 
next morning Of 18 subject-days on each compound, stimulation occurred 4 
times while depression was noted 3 times with placebo 1-cthy 1 theobromine was 
followed by stimulation 5 times and depression twice while on 0 occasions stunu 
lation was noted after caffeine Insomnia resulted 4 times 0 times and 5 times 


TAB! F 2 

The influence of I-eihgt theobromine and caffeine on rate of finger-tapping 
Oral admimelration 



•ovt 




Tin ore t 





♦ a m 1 

10 ton 

11 m ' 

12 *row 

t pit. ' 

Ipn | 

Jpfa. 


Plarebo 


467 f 

440 

451 

450 

445 

444 

440 

| 4 p nu 

448 

1 Ethyl Theobromine 

200 

401 

461 

401 

453 1 

457 

450 

458 

450 

Caffeine 

200 

465 

460 

450 

466 ! 

458 

464 

450 

450 


The drug or placebo waa taken at 8 a tn 

t Each figure U the average Upping rote for 1 minute taken from IS teat* made on 3 
•eparate day* and 0 aubject* 


TABLE 3 


The effect of 1-elkgl theobromine and caffeine on critical fusion frequency of flicker 



O *L 




TOT Of » \ 






tui 

10 ■ 

It a 

12ixx» 

1 pun 

Ipra 


4 pi* 

Placebo 

"« 

ttrk t 

40 1| 

49 1 

48 7 

48 8 

48 S 

40 0 

Jpn ^ 
40 0 j 

48 8 

1 Ethyl Theobromine 

200 

49 4 

40 2 

40 1 

49 1 

40 4 

49 3 I 

40 4 

49 3 

Caffeine 

200 

| 40 7 

40 0 

49 0 

49 8 

| 40 0 

40 0 1 

40 8 | 

49 6 


Placebo or drug was taken at 8 a.m 

t All value* are represented aa the number of flicker* per aecond averaged from 18 te*t« 
on 5 aobjeeU for 3 *c pa rate day* 


following placebo 1-ethyl theobromme and caffeine, respectively The subjects 
felt tired the morning after 6 times with placebo 5 times following 1-ethy 1 theo- 
bromine and twice after caffeine It is thus quite obvious that no consistent 
subjccbvo effects were obtained Furthermore a dose of 200 mg of 1 -ethyl 
theobromme taken in the morning was not apt to cause insomnia the same night 
in most individuals 

Rctptralory stimulation in dogs The action of caffeine ns a respirator, stunu 
huit l* well established Consequently it was appropriate to study 1 -ethyl theo- 
bromine in this respect. Dogs wore anestlietiied with sodium phenobarbital 
Blood pressure and respiration were recorded with the usual methods Further 




92 


CHARLES C SCOTT AND K K. CHEN 


more, a tracheal cannula w as inserted and connected to a double x ah c Tlie dog 
i\as allowed to inspire only fresh air, while all expired air flowed through a modi- 
fied Pn\ lov automatic, electro-magnetic clamp (12) into 1 of 2 small spirometers 
The apparatus was so constructed that when one spirometer became filled, the 
Par lo\ clamp immediately directed the flow of expired air into the other spirome- 
ter While 1 spirometer was filling, the other spirometer was being eaneuated 
Each filling of a spirometer w ns automatically recorded by a signal magnet This 
arrangement allowed a quantitatnc and continuous nnuljsis of respiratory vol- 
ume, w hich w as necessary in comparing the action of 2 closelj related compounds 
The tambour method of recording respiration is only semi-quantitative 
Once the dog and apparatus were connected, repeated small doses of sodium 
phenobarbital were gnen until respiration was grentlj depressed The expen- 



Fio 1 Respiratory Stimulation Produced by 1 Ethyl Theobromine 
A fcranlo dog, weight 6 0 kg , was anesthctiicd with 150 mg per kg of sodium phono 
bnrbitnl intrat cnously An additional 40 mg per Kg of the barbiturato was given, result- 
1 mg in considornblo respirator} depression The effect of administering t-othjl tbcobro- 
mino, 10 mg per hg intravenously, is shown Noto the quantitative increase In tolumo 
of expired air 

ment was then allowed to run for 00-90 minutes without manipulation During 
this control period, respiration was highly regular and recoterj from anesthesia 
wns not apparent Intmenous injection of either 1-ethyl theobromine or caf- 
feine wns made at the end of the control period A doso of 10 mg per hg was 
used m all tests By this procedure, a total of 10 dogs w ns studied Only 1 drug 
w as given to each animal in order to n\ oid any conflict of action A record of 
the effect of 1-ethyl theobromine is shown m figure 1 In table 4 it is obvious that 
caffeine produced less respiratory stimulation than 1-cthyl theobromine 

Diuretic action Effects in unaneslhcltzed dogs Six female dogs w ore trained 
to he quietly on a table following insertion of an in-lying catheter On test days 
1 hour previous to catheterization, 500 cc of 0 9 per cent sodium chlonde solution 
was administered by stomach tube since the unne output was otherwise too ir- 
regular and too small This dose w as equivalent to approximately 50 cc per kg 
Lipschitz and associates (13) used 25 cc per kg of isotonic sodium chlonde solu- 
tion in their assays of diuretics m rats Isotonic saline is known to have little or 
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no drurctio action of its own when given orally (14) Animals were starved 18 
hours prior to the actual test period Following catheterisation, the urinary 
bladder was emptied at 15-mmute mtervala After 45-60 minutes when the 
urme output was quite regular, an intravenous injection of 10 mg per kg of 
either 1 -ethyl theobromine or caffeine was made The bladder was emptied every 

TABLE 4 


Ccnrrpariton of On rerpiratcry stimulating actions of l-sUiyl theobromn* and caff tint by 
intrattnon* injection into dogt 


WUO AJTD MB 

TOJiuiTirr 
vourmt wnnro 

ce*T*OL nmam 

XXOTlATOtY 
YOtOf* DVXDfO 

J6 rninu roc- 
LCnrtrotnoo 

maKTBCIUJI 
crrrm aaraot 

iftllOI FI I CENT 

noun 
orxa ccKTwn. 

16 mt +* i|- 





1 Ethyl Theobromine 

2 M 

4 95* 

03 4 

S3 4 


4 18 

5 32 

28 8 



3 56 

4 40 

22 9 



4 40 

4 95 

12 5 



2 93 

3 94 

34 4 


Caffeine 

3 30 

5 41 

63 6 

15 8 


2 93 

2 48 

-15 4 



3 94 

4 40 

11 7 



3 7B 

3 76 

0 0 



2 93 

3 48 

18 8 



All figure* In these column* represent volume of expired air In liter* per 5 minute* 


TABLE 6 

TA* diuraltc action of i-tlhyl Iktobromine and caff tins by intreatnovt injection into trainsd 
vnanssO utiud dogs 


BOO 

total ixiirui at tr*uu wi *0 rannxa touctfuto innnnunw or tmoo 

Itoi 

1 tlkjl TW»fct Pilot 



«. 

« 

«. 

1 

85 8 

86 0 

198 0 

2 

41 0 

143 0 

114 0 

3 

82 5 

111 5 

82 0 

4 

62 0 

171 0 

47 5 

6 

83 0 

100 0 

84 0 

6 

26 6 

72 5 

67 8 

Mean 

62 6 

114 0 

97 2 


Do*e w** 10 mg per kg In each c**e 


16 minutes for 1 J hours thereafter In table 6, it is seen that 1-ethyl theobromine 
produced greater diuresis than caffeine The value for the former was statist! 
cally significant in comparison with untreated animals . In the case of caffema , 
the increased urme output was not quite significant by statistical analysis It 
appeared that in dogs 1-ethyl theobromine was a stronger dinretio than caffeine 
Diuretic ad ion tn human beings 1 Ethyl theobromine and caffeine were 
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tested for diuretic action in G healthy young adults The following procedure 
was used, which is similar to that used by Keith (15) except that weighed diets 
were not used Subjects were instructed to eat their regular diets and to avoid 
unusual foods Furthermore, all salty foods were prohibited and a mini mum 
amount of salt was to be added as seasoning Water intake was limited to 1500 
cc per day, no caffeine-containing beverages bemg permitted These individuals 
were all laboratory workers and continued their usual duties during tho test days 
The urinary bladder was emptied at 8 00 am Immediately afterwards a cap- 
sule containing 200 mg of one or the other drug or a placebo was taken orally 
Thereafter, until 4 00 pm. all unne specimens were collected and measured 
Tho bladder was again emptied at 4 00 p m and the total unne output recorded 
for the day’s test penod This procedure w as followed for 9 consecutive w orkmg 
days Each drug and placebo were tested on 3 separate days The results of 

TABLE 6 


The influence of 1-elhyl theobromine and caffeine on urine output in human beings 
Oral administration 


SUBJECT 

total trtixr oirmnr rot thiei tiit rations 

Plaecbo 

1 Ethyl Theobromine 

Caffeine 


cc 

cc 

cc 

O M 

1678 

1616 

1717 

A O 

1416 

1605 

1430 

O R 

1780 

3045 

2245 

W W 

730 

2036 

1316 

N M 

1265 

2190 

1470 

M E 

896 

1373 

1162 

Mean daily output 

431 

669 

618 


* Dosago was 200 mg 


this diuretic study are shown m table G 1-Ethyl theobromine produced some- 
what greater diuresis than caffeine Statistical analysis revealed a highly 
significant difference between the 3 treatments 

Toxicm studies Acute toxicity in rats and mice The median lethal dose of 
1-ethyl theobromine was determined in starved albino rats and starved albmo 
mice Both mtrat enous and oral routes of administration w T ere used m rats, 
while mice received the drug by vem only Calculations were made by the 
method of Bliss (4) The acute toxicity of caffeine was obtained simultaneously 
for comparison Tabulation of results is found m table 7 Caffeine w as about 
30-50 per cent less toxic than 1 -ethyl theobromine by this procedure 

Feeding experiments on rats Employing the method of Anderson, Henderson, 
and Chen (16), young rats weighing about 100 gm were fed a standard diet to 
which 1-ethyl theobromine was added Six groups of 5 animals each w ere used, 
each group receiving a different percentage of 1-ethyl theobromine m the food. 
The percentages ranged from 0 02-0 5 A record was kept of the gam m weight 
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of each animal This regime was maintained for 28 days, at the end of which 
tame all animals were sacrificed An identical procedure was earned out with 
caffeine for comparison In table 8 are shown the results Statistically, there 
was no difference in the 2 treatments There was little or no depression of 
growth with concentrations of either compound up to and including 0 1 per cent 
Larger amounts of either drug inhibited weight gam somewhat One rat died 
the fifteenth day of the test penod, this death occurring in the group fed the 
greatest percentage of 1-ethyl theobromine 
Post-mortem examination was made of all rats which received the 0.5 per cent 
concentration of 1-ethyl theobromine or caffeine No gross or microscopic dam- 
age was found in the animals which were given 1-ethyl theobromine, with one 
exception The animal which died after 15 days on the diet showed pathological 
changes associated with emaciation Of the 5 rats on caffeine, 3 were normal, 1 
revealed slight pulmonary edema and congestion, and m the other animal 
hydronephrosis of the nght kidney was noted but no stones were seen 


CONCLUSIONS 


1 1-Ethyl theobromine m sufficient doses produced stimulation of the central 
nervous system as evidenced by (a) convulsions in mice, (b) increase m both 
critical fusion frequency of flicker and finger-tapping rate in adult human 
beings, and (c) augmentation of respiration in dogs deeply anesthetized with 
sodium phenobarbitol 

2 1-Ethyl theobromine appeared to be less potent than caffeine on the nerv- 
ous system of human beings, but the former was more convulsont in mice and 
■was a stronger respiratory stimulant m dogs 

3 No untoward effects were noted from an oral dose of 200 mg of 1-ethyl 
theobromine taken by 6 adults each for 3 separate days 

4 1-Ethyl theobromine had a diuretic action in human beings and dogs, this 
action being stronger than that of caffeine 

5 In mice and rats, the acute toxicity of caffeine, orally or intravenously, was 
30-50 per cent less than that of 1 -ethyl theobromine 

6 Prolonged administration of 1 -ethyl theobromine in growing rats’ food did 
not inhibit growth even when concentrations as high as 0 1 per cent were used 
Greater amounts depressed growth, but little or no pathological changes occurred 
with quantities as great as 0 5 per cent of the food No difference from caffeine 
was noted 

Acknowledgment All statistical analyses were made by Mr John C Hanson 
The feeding experiments m rats were earned out by Mr Robert C Anderson, 
and the pathologic examinations, by Dr Paul N Hams To all three, we are 
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Esters of strophanthidin, the benzoate and p bromobenzoate, were first synthe- 
sized by WIndaus and Hermanns (1) and Jacobs and Heidelberger (2) They are 
the reaction products of the secondary hydroxyl group on carbon atom 3 of the 
aglycone, and of benzoic and p-bromobcnzoic acids Other esters have been pre- 
pared and studied pharmacologically (3, 4, 5, 6) In previous communications 
(7, 8), wo reported the potency m cats of strophantlndin-3-acetate, -propionate, 
-7i-butyrate, and -benzoate 

The present study deals with the preparation of thirteen additional esters and 
the determination of their potency m cats The names are listed in table 1, with 
the exception of strophanthidm-3-p-nitrobenzoate which is not included for rea- 
sons to be given below Six of them are new, namely, strophnnthidm-3-di 
chloroacetate, -a chloropropionate, -pelargonate, -laurate, -mynstnte, and -pal- 
mitato These products can be obtained by allowing strophanthidm to react 
with the acid chloride or acid anhydride in the presence of a catalyst such as 
pyndine or dimethyl aniline, in an organic solvent such ns chloroform The 
diethylaminoacetatc was prepnred by the method of Ktlssner (6) 

All the esters were purified by repeated crystallization from methanol The 
melting points are recorded in table 1 Strophnnthidin-3-p-mtrobenzoate melted 
at 256-25S°C (corrected) The figures for the n-caproate and p-rutrobenzoate 
differ considerably from those of Neumann (3) No explanation can be offered 
for this deviation at the present time except that the rate of heating m our deter- 
' mmations was moderate The results of combustion analyses were all within the 
experimental limits customarily allowed in organic synthesis, namely, ± 0.2%. 

For cat experiments, stock solutions of 1 1000 in 85 5-90% ethanol by volume 
were made with strophanthidm-3-dichloroacetate, -diethylammoacetate, -o- 
chloropropionate, -iso-butyrate, -n caproate, and -tso-caproate Dilutions of 
l 60,000-1 25,000, depending on the potency of the product, were employed for 
intravenous injection until death occurred in the same manner as previously 
reported (9) The rate of injection was 1 cc per minute Stock solutions of 
strophanthidin-3 chloroacetate and -pelargonate were 1 1000 in 95% ethanol, 
those of -laurate and -palmitate, 1 600 in 85 5% ethanol, and those of -mcotinatc 
and -mynstate, 1 600 m absolute ethanol These six compounds were rejected 
intravenously without dilution at the rate of 0 08-0 04 cc per minute, depending 
on the potency of the compound, followed by 1 cc of saline by means of a 3-way 
stopcock — a procedure previously adopted m this laboratory (10) In no in- 
stance was the volume of ethanol so great as to be responsible for the death of the 
animal Besides, the amount of ether administered gradually diminished as the 
experiment proceeded in order to avoid excessively deep anesthesia Strophan- 
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TABLE 1 


Tort city determination of ttlert of strophanthidin i n call 
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160 0-160 0 

F 

1 818 

844 0 



F 

1 886 

729 6 



M 

1 638 

1005 4 



F 

1 884 

297 2 



F 

2 160 

468 6 

i»«-bntjT*te 

227 6-228 6 

F 

I 932 

091.6 



M 

1 034 

676 0 



M | 

1 001 

102 6 



F 

1 817 

464.5 



F 

1 809 

814 8 



F 

1 874 

804 7 

*-e»projrt« 

177 0-178 0 

M 

2 007 

258 7 



F 1 

1 802 

301 6 



M 1 

1 017 

173 2 



F 

2 118 

201 1 



F 

1 853 

169 5 
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TABLE 1 — Continued 


BnornAKnnDiK J- 

MTLTIKC JOINT 

bzx or cur 

BOD\ UZlC BT 

dose irQmix) 
to nu 


C 


h 

H t*T kt 

iso cnpronto 

ISO 0-181 0 

F 

2 678 

215 7 



M 

1 980 

259 6 



F 

1 816 




F 

2 061 

286 3 



AI 

1 916 

437 1 

mcotinate 

253 0-253 5 

M 

1 9 GO 

1143 0 



F 

2 017 

977 0 



F 

1 800 

1244 0 



F 

1 940 

618 6 



F 

2 116 

983 4 

polargonate 

165 0-166 0 

F 

1 932 

414 1 



F 

2 410 

315 4 



F 

2 662 

406 9 



F 

2 282 

526 9 



M 

2 609 

490 0 

laurnto 

163 0- 164 0 

M 

1 976 

1215 2 



F 

1 910 

810 7 



M 

1 955 

491 0 



M 

2 066 

445 5 



F 

2 075 

094 0 

mynstnto 

169 6-160 6 

F 

1 840 

1665 2 



F 

2 000 

1040 0 





0S4 8 




1 828 

1006 6 




2 627 

823 1 

pnlmltato 

166 6-167 6 


1 926 

2743 0 




2 627 

2801 7 



F 

1 830 

4021 9 



F 

KSI 

3633 0 



M 

1 808 | 

3628 0 


thidin-p-mtrobenzoate was soluble in hot alcohol but settled out upon cooling 
It was thus impossible to determine its lethal dose by the intravenous route 
Groups of 10 cats were employed for strophanthidin dichloroacetate and -di- 
ethylammoacetatc, and groups of 5 cats, for each of the re mainin g produots 
except the p-mtrobenzoate The results of individual readings are shown in 
table 1 The geometric mean, that is, the antiloganthm of the mean of loga- 
rithms of individual doses, was computed for each ester, and is listed m table 2 
For the sake of comparison, the published data (7, 8) on strophanthidin-3- 
acotate, -propionate, -n-butyrate, and -benzoate are also included From our 
early work (9, 7), the mean (geometric) lethal dose of the combined data with 
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strophanthidin in 21 cats ia 325 X) ± 275 pg per kg It thus becomes obvious 
that in cats strophimthidm -3-acetate -die thylamincmce tate, propionate and 
n-caproate are more potent than the aglycone, strophanthidin There is no 
significant difference between stropbanthkiin-3-diohloroacqtate and -w-caproate 
on the one hand and strophanthidin on the other In general, when the molecule 
of strophanthidin Is enlarged by more than 6 C-atoma, there is a definite trend for 
the ester to become less active than strophanthidin This is very evident in the 
last sn compounds listed in table 2 

In a few preliminary experiments, these eaters have been tested m a group of 
doga by mouth While the results are irregular there is a definite indication that 
etxophanthidm-3 -aoetate, -chloroacetate, -diahloroacetate -diethylaminoace- 


TABLE 2 

Comporiton of mtan Ulkal do*** of uUrt in cats 


rr»ar*LUfi*ii>ni 1- 

Mi* (ortetrmc) utkai. iou ± wakpa*p mol 


M 

rn.ee Utc 

188 6 ± 24 6 

ohloro acetate 

1052 0 ±104 8 

dlchloroaoetnte 

812 7 ± 47 7 

diethylaminoacetate 

212 6 ± 28 9 

propionate 

257 8 ± 38 6 

a-ehloropropicmate 

613 0 ±135 2 

n -butyrate 

428 8 ± 81 9 

i#o-bntyT*te 

634 4 ±118 7 

n-caproate 

216 6 ± 24 7 

t#o-capro*te 

311 8 ± 48 0 

nlcotlnate 

968 8 ±116 7 

benaoate 

2717 0 ±261 0 

p-nitrobenxoate 

indeterminable 

pelartonate 

423 8 ± 87 6 

Ian rate 

634 8 ±124 0 

myriatate 

983 2 ±138 0 

pal mi tate 

8309 0 ±249 0 


A correction of the standard error* of the propionate and n-bntyrate has been mad*. 


tate, -a-chloropropianate, n butyrate, iso-butyrate, and n-caproate, in the 
amount of one mean lethal does determined intravenously m cats, are absorbed 
by the gastrointestinal tract, as evidenced by nausea, vom itin g, and frequently 
slowing of the heart rate. This also holds true for strophanthidin itself Further 
work is justified m order to determine whether or not these esters, and others not 
studied hem, may have cluneal application 

BmniAnr 

Strophanthidin-3-aoctate, -diethylaminoacetate, propionate, and n-caproate 
are more powerful than the parent agiyoone strophanthidin, as shown m cats. 
By slow intravenous injection, strophanthi din -di chi oroaoe tate and uo-caproate 
appear to be equally as active as strophanthidin. Esters with adds beyond 6 
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C-atoms, in the senes studied, have a low er activity than strophanthidin A few 
members of the senes with lower molecular weights are effectively absorbed m 
dogs following oral administration 

Acknowledgment The authors are indebted to Misses Nila Mare and Manan 
H Ellaby, and Mr John C Hanson for their imaluable assistance m the ex- 
periments 
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THE ROLE OF BLOOD DILUTION IN THE ASPIRIN 
ANTIPYRESI8 

FRANCISCO GUERRA 

Dtpartamtnto d* FarmaccloQta Kzptnmtnlal Facvllad d* Htdicina Uninrtiiad NacxonaX 
dt Vlxico if toco D F 

The mechanisms involved in temperature regulation m the body and in the 
action of antipyretics in lowering high body temperature have been studied ex- 
tensively by Barbour and his associates (1-2^) In maintaining a normal tem- 
perature n balance between heat production and heat elimination is present In. 
hypothermia or hyperthermia the balance is disturbed The work of the Bar- 
bour school is mainly on the mechanisms of heat elimination and a short account 
of this is given 

Tho basic factor is a shift of water from the body surface to the interior or 
from the interior to the surface Following external application of cold water 
shifts from the surface of the body to the in tenor, as shown m the examination 
of the brain and llvor The amount of circulating blood is less and becomes more 
concentrated as shown by greater concentration of red blood cells, hemoglobin 
and proteins and hi gher specific gravity of the serum Because of this and 
probably an increase of sugar and muscle metabolites, such as lactic acid the 
osmotic pressure increases On application of heat the reverse picture is seen 
The blood becomes more dilute and the osmotic pressure is decreased. With 
changes in osmotio pressure are corresponding changes in vapor premure a lower 
osmotic pressure causing a greater vapor pressure and an increase in sweating, 
resul ting in an increase m heat elimination In the case of exercise and in in 
creased metabolism such as in thyroid disease the m creased heat formation is 
balanced by increased heat elimination In case of infection such as typhoid 
and malaria, the heat elimination fails to keep pace with the heat formation. 

In the experimental fevers, produced by cocaine, betatetranaphyl amine hay 
infusion and other pyrogenic agents, Barbour has shown that the water shift 
from the surface to the intenor corresponds to that following external heat ap- 
plication. 

The mechanisms involved m heat elimination are controlled by the central 
nervous system particularly the hypothalamus Barbour hoi shown that cool 
ing this area brings about anhydremia and liver hydration heating the opposite 
effect. As shown in monkeys, these changes are absent or much lessened after 
lesions in the anterolateral hypothalamus (24) Especially striking is the 
absence of sweating No sweat was obtained in these lunmnli either under a 
nse in body temperature produced by exposure to the hot room at 40 C or 
during febrile plateaus The other feature m these operated animals was the 
persistence of higher osmotic pressure m the plasma, demonstrated by greater 
figures in the plasma specific gravity and plasma chlorides. In these m cm Leya 
with anterior and antero-lateral hypothalamic lesions although during the fever 
103 
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plateau and during the natural decline of fever a lessening of the blood concen- 
tration occurred in the responses to hot environment, jet during those circum- 
stances the values of the plasma specific gnrntj , never fell to figures m which the 
blood dilution was adequate to elicit sweat secretion 

On giving aspirin or other antipjTetics to febnle dogs and rabbits there comes a 
-n ater shift from the interior to the surface As is the case v\ here external heat is 
applied, extemallv or to the hvpothalnmus, with the shift there occurs a blood 
dilution, a lower osmotic pressure and increase in vapor pressure In the 
primates a marked increase m sweat secretion is found, the diluted blood actmg 
as a stimulus for this With lesions in the anterior and antero-Iateral hjpo- 
thalamus, the blood osmotic pressure remained high and the sweat response was 
absent The conclusion reached is that the antipjTesis from aspirin and related 
drugs is due to action on the hvpothalamus bringing about hjdremia, accom- 
panied bj f sweating and vasodilation 

The experiments reported here were planned to bring together — more clearly 
the factors involved in aspirin antipyresis, especiallj the sweating For this 
purpose, B-methj Icholm which causes sweating through its action on the pe- 
ripheral sweat nerves, was used as the antipjTetic agent and its effect compared 
to those from aspirin 

Pbocedbbes Three monkeys (Mnccnca Mullata) ranging m weight from 312 tot 0 kgxn 
-were e.mplo) ed The experimental procedures were as follows 

Group A — Monkeys in prone position on padded board at room temperature of 23'C 
(± 2°C ) After a control period each received bj stomach tube 100 cc of a hypertonic 5% 
sodium chloride solution and 30 minutes later a subcutaneous injection of 0 003 grams of 
mecholjl per kgm of body weight 

Group B — Monkcjs tied in prone position and at the same room temperature of 23°C 
(± 2 C C ) After the control period each received bv stomach tube 100 cc of distilled water, 
30 minutes later a subcutaneous injection of 0 003 grains of mecholyl per kgm of bod) 
weight 

Group C — Monkeys tied down in the same position and at the same room temperature 
as Group A and B, received after a control period — only the subcutaneous injection of 
0 003 grams of raecholj I per kgm of bod) weight 

Rectal temjjernture, respiratory rote sweat secretion in the Bame area of the left hand, 
were recorded at ten minute periods In a previous paper a procedure has been described 
(24) which permits the accurate measurement of the sensible and insensible perspiration 
In tho present senes of expenments, however, after the mecholyl injection, sweat secretion 
occurred so rapid!) and m such large amounts, that tho copacit) of the device for sweat 
collection was inadequate and only after 40 minutes was it possible to obtain an accurate 
total value of the water eliminated through the sensible and insensible perspiration To in- 
sure more accurate values for water excretion, the figures from the left hand were checked 
against water collection from the nght hand From the totnl it was possible to calculate 
the amount of water secreted cv cn ten minutes and rebuild the shape of the curve of water 
excretion 

Effects from mecholyl injection not tested m the protocols were pronounced salivation 
(the amount not swallowed was from 30 to 60 cc of a thick saliva), lacnmation and diarrhea, 
unnation occurred in some instances Though all the animals were framed to keep quiet 
under the experimental conditions, after the injection tbev all showed a characteristic ap- 
pearance of fatigue The symptoms accompanying mechol>l administration declined 
about 30 minutes after its injection 
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Six preliminary experiment* were performed to give pr»ctt»e In the procedures followed 
in cArrylnc out the wort, reported here In the 3 »ete of experiments deecnbed using the 
three monkeyi for each of theee the procedure wm according to the following Latin Square 


1 A 

2 A 

3 A 

2 B 

2 B 

1 B 

3 C 

1 C 

2 C 


A* a technique for plum* specific gravity determinaUoca the falling drop method of 
Barbour and Hamilton w*s employed (25) For the plaama chloride estimation the Vac 
Slyke and Scndroy method w*j need (26) 

Rraui/rs. Temperatitrt The gradual fall in temperature in the monkeys 
tied down under the conditions already described was similar to that observed 
m previous experiments under the same experimental conditions During the 
control period (the third half hour that the animal was tied down) the three 
groups of observations showed a slight decrease in the rectal temperature of 
0 1 C In the group of animals receiving hypertonic salt solution by stomach 
tube group A the rate of fall in rectal temperature was 0,25°C each ten minute 
period after the solution was given. Group B of animals receiving distilled water 
by stomach tube also presented a fall in body temperature of 0.25°C every ten 
minute period The subcutaneous injection of mecholyl was followed by a strik 
mg fall in temperature in all the cases 

Respiration These trained monkeys had a steady respiratory rate previous 
to the administration of mecholyl and no changes were observed during the 
control periods after the oral administration either of salt solution or of distilled 
water A parallel rise in the number of respirations per minute was obtained in 
all the cases after mecholyl injection This nse was more marked during the 
first ten minutes after the injection and almost completely disappeared, regaining 
the normal rate after 40 minutes No significant differences can be described 
among the three groups of Animals 

Sioraf. In former experiments on monckys tied down at the normal room tem 
pera ture there was found a gradual decrease in the sensible and insensible per 
spiration, and during the control time in the 3 groups this was also observed. It 
was also possible to confirm that animals receiving hypertonic salt solutions tend 
to lose even less water by sensible and insensible perspiration. The peripheral 
sympathetic stimulation of the sweat glands produced by mecholyl was apparent 
three minutes aftpr the administration, reached its peak between 10 and 17 
minutes and declined from then on to almost normal values at the end of 40 
minutes It is interesting to point out that in the first experiments due to the 
low air flow circulating m the device collecting water the curve of secretion 
showed a gradual rise with a tendency to form a plateau In the others the 
actual curve of sweat secretion reached a peak 10 min utes after mecholyl ad 
ministration falling sharply after that period The total amount of water ex 
crcted by the skin of the monkey’s hand varied between 0 600 and 1 gram during 
40 minutes. Hi g h er values of water excretion were found when tho animals 
received water before mecholyl injection, and the lower ones were obtained when 
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TABLE A 

Normal monkeys receiving at A 100 cc NaClsol 6% and at ■ 0 OOS gm mecholyl/lgm body 

weight 

(Average of 3 observations) 


Tna (uixutxj) 

10 

20 

30 

▲ 

40 

SO 

CO 

■ 

70 

SO 

90 

100 

Temperature 

(°C) 

3S 9 

38 9 

3 S 9 

3S 7 

3S 6 

38 3 

38 2 

37 9 

37 7 

37 2 

Respirations/m 

46 

46 

46 l 

46 

46 

46 

80 

73 

61 

61 

Swoat (HjO 
gms ) 

0 041 

0 036 

0 035 

0 033 

0 029 

0 033 

0 050 

0 236 

0 282 

0 205 

Plnsma specific 
gravity 

Plasma chlondea 
(mEq /l ) 


1 027 

102 5 




1 0278 

I0S 8 




1 029L 

112 0 


TABLE B 

Normal monkeys receiving at • 100 cc of water and at^O 003 gm mccholyl/kgm body weight 

(Averngo of 3 observations) 


Time (uixtrm) 




• 



■ 




10 

20 

30 

40 

50 

60 

70 

SO 

90 

100 

Temperature (°C ) 

38 9 


38 8 

38 ? 

38 6 

38 5 

38 4 

38 1 

37 8 

37 3 

Respirations/m 

35 


35 j 

35 

35 

35 

66 

47 

45 

40 

Sweat (HiO gms ) 
Plasma specific 

0 037 

1 0 039 


Esp] 

0 043 

0 048 

0 076 

0 374 

0 318 

0 216 

gravity 

Pla3ma chlorides 









1 283 


(mEq ft ) 


■ 










Normal monkeys receiving at ■ 0 OOS gm mccholyl/kgm body weight 


(Average of 3 observations) 


TltfX (UtHUlEf) 

10 

20 

30 

40 

50 

60 

■ 

70 

so 

90 

;oo 

Temperature 

CC) 

3S S 

38 S 

33 S 

3S 8 

! 

33 7 

3S 7 

38 6 

38 4 

37 7 

37 3 

Respirations/m 

35 

35 

35 

35 

35 

35 


53 

41 

37 

. 










0 193 

Plasma specific 
gravity 

Plnsma cblondes 
(mEq/1 ) 


! 


li 

II 

II 

1 0277 

106 0 





1 030$ 

103 1 


the same animals received previously sodium chloride hypertonic solution (5%) 
The corresponding values for each group of animals appear in tables A, B, and C 
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Platma Specific Qravtly Considerable importance was given during this 
-work to the study of the plasma specific gravity values The monkeys receiving 
hypertonic salt solution showed a rise m the plasma specific gravity when com 
pared with that presented bj the same animals during the control period. 
A greater nse was present after mecholyl injection when the blood samples 
were taken at the end of the sweat production The monkeys receiving distilled 
water presented slightly lower specific gravity values than those obtained in the 
same animals during the previous control period but after the mecholyl injec- 
tion these monkeys also gave higher plasma specific gravity figures Group C 
of control animals, which received neither water nor oral hypertonic salt solution, 
after injection of mecholyl also responded with strikingly high values m the blood 
plasma specific gravity All the animals therefore whether they presented 
blood dilution provoked b> water administration or blood concentration dud to 
hypertonic salt solution exhibited anhydremia following the great sweat produc 
tion under sympathetic stimulation 

Plasma Chlorides In the monkeys of Group A which received salt higher 
plasma chlorides were present after the administration of the hypertonic solution 
tlian before tho salt was given a further increase m blood chlorides was observed 
after mecholyl injection. In the Group B the plasma chlorides decreased after 
the" water was given but after the subcutaneous injection of mecholyl the plasma 
chlorides tended to return to higher figures The animals of the control group 
C which received neither water nor salt exhibited a very alight fall in plasma 
chlorides after mecholyl injection. 

Discussion The observation made in this experiment that under sympa 
thomimetlc stimulation a loss of water by sweating produces a fall in temperature 
confirms the important role of this mechanism in the heat loss of the antipyresis 
The reverse effect namely a decrease of the perspiration and an m crease of tern 
perature after atropine has been recently demonstrated (27) Apparently this 
mechanism of heat loss (penphoral vasodilation and an increase in insensible and 
sensible perspiration) is similar to that eh cited by antipyretics like aspirin, for 
with aspmn antipyresis in febrile monkeys there is also observed vasodilation and 
a steady increase in sweating However, an important difference is clearly pres- 
ent between the sweating produced by sympathomimetic drug like mecholyl 
and an antipyretic like asp inn The water shifts accompanying the temperature 
fall following mecholyl are always indicated in the blood bj a steady rise in the 
blood concentration, produced passively by the water lost during the increase 
in perspiration. On the contrary during aspinn antipyresis a blood dilution and 
lower values of the blood osmotic pressure were demonstrated. It must be 
mentioned that the mechanism of aspinn antipyresis is simply an elicitation of 
the already present bodily responses either to fever or to a hot environment On 
the other hand the fall in temperature obtained by sympathetic stimulation of 
the sweat glands is a passive phenomenon The heat Ices by water evaporation 
is followed by a blood concentration resulting in higher values for the blood 
osmotic pressure But during tho aspinn antipyresis active water shifts occur 
drafting water main l y from the liver and the muscle cells into the peripheral 



108 


/ 


FRANCISCO GUERRA 


blood These water movements present in the monkejs can also be expected 
in human subjects 

Monkeys suffering lesions in the anterior and antero-lateral hypothalamic 
areas are unable to respond with defense mechanisms either to a hot environment, 
fever or aspirin administration Ev en more, these animals are unable to produce 
sweat under these circumstances The explanation of this lack of response of the 
heat dissipation mechanisms to the antipyretics is found m the changes occurring 
m the plasma specific gravity These pnmates, after suffering the hypothalamic 
lesions, suddenlj show a high increase in the blood specific gravity and are unable 
to lower it under the stimulation produced by fever, heating or aspirin adminis- 
tration (24) Under these levels of homeostasis the high osmotic pressure 
opposes the loss or water from the blood and little or no sensible and insensible 
perspiration is produced Therefore, the presence of a high osmotic pressure in 
the plasma will prevent the loss of water As the hypothalamic control of blood 
osmotic pressure is very sensitive to sbght changes in blood specific gravity, 
water administration tends to increase perspiration, while the ingestion of hyper- 
tome salt solution tends to reduce the sweat secretion These findings provide 
a logical basis for the treatment of fever by oral administration of large amounts 
of water (28) 

An understanding of the quite different mechanisms of action of mecholj 1 and 
of aspirin permits the reconstruction of the sequence of events in the antipyretic 
action of the latter Its action has its focal point m the anterior hypothalamic 
areas The threshold responsiveness of these to temperature changes and to 
changes m blood concentration is altered, and there occurs a shifting of water 
from the tissue cells to the peripheral and skin circulation With the blood 
dilution comes a lowering of osmotic pressure and a rise of v apor pressure bringing 
about a greater elimination of water whose evaporation from the surface removes 
heat from the body Accompanying the blood dilution is a marked increase in 
the activity of the sweat glands, an especial! j important factor in the water 
elimination and heat loss m aspirrn antipyresis 

SUMMARV 

The an tenor hypothalamic areas, by producing blood dilution and water shifts, 
indicate the body responses to environmental heating, fever and aspuin admin- 
istration An opposite effect, i e , plasma concentration is present as a response 
to cold and during the onset of fever 

Mecholyl by means of water losses through sweating and vasodilation, pro- 
duces a fall m temperature Its action is enhanced b> previous water adminis- 
tration and reduced bj hypertonic salt solutions 

Accompanying the marked sweat secretion produced after mecholyl injection 
a rise in the respiratory rate was observed 

The stimulation of this heat loss mechanism is not accompanied, as m aspirin 
antipyresis, by plasma dilution, but a plasma concentration occurs 

After demonstration of these differences of action between this parasympatho- 
mimetic drug and the true antipyretics, the mechanism of aspirin antipyresis 
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can be described in the following manner During the febrile condition, through a 
hypothalamic stimulation start mg in the anterior nuclei, water is shifted from the 
m tenor cells to the periphery and a plasma dilution occurs This activates heat 
loss mechanisms such as increased perspiration Aspirin acting upon the 
anterior hypothalamic nuclei enhances the process increasing further the plasma 
dilution and, therefore increasing the loss or water through the sensible and in 
sensible perspiration. Aapinn through this central action alters the threshold 
responsiveness of the hypothalamic nuclei toward lowering body temperature by 
heat loss. It is considered that the lowered osmotic pressure which accompanies 
blood dilution is an important factor in the hypothalamic function 
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Results of experimental studies in animals indicate that tolerance to various 
effects of morphine develop slowly if at ail when morphmo is administered in 
small and uniform daily doses (C) Few ini cstigators, however, have studied 
changes in the pain threshold raising effect of morphine under such conditions 
Further information on this problem appeared desirable m a search for means 
by which to improve the clinical management of chrome or recurrent pam The 
present study was undertaken with such a purpose in mind 

Review of the literature Mohrke (5) reported that injections of 7 0 to 
10 0 mg of morphine on alternate days for three w eeks produced a decrease m 
the analgesic power of the morphine m human subjects k Thc decreased anal- 
gesia measured by electrical stimulation of the finger wns considered to represent 
a developing tolerance to the drug , 

Hoofer (4) and GrOnthal and Hoofer (5), using the Von Frey method, observed 
m six normal human subjects that morphine injected daily m doses of 10 to 20 
mg lost its analgesic properties within eight to fourteen days The authors 
noted that the prc-admmistration levels of pam threshold tended to nse during 
the period of daily injections The analgesic effect and the pre-admimstration 
levels returned to their original values within ten days after withdrawal 

Eddy and Himmelsbach (1) found that in cats the analgesic effect of 2 0 mg 
of morphine sulfate per kilogram body weight did not dimmish during two months 
of daily injections The exciting and emetic effects disappeared during the first 
month of injections The pflln thresholds, however, were measured in terms of 
the amount of pressure which had to be applied to the cat’s tail to produce a 
reaction Aside from species differences, the discrepancy between the results 
and clinical experience may anse from the fact that such a method of producing 
pam necessarily also produces sensations of pressure It has been reported by 
Hoefer (4) that the effect of morphine upon the sensation of pressure is not 
changed by prolonged administration 

Methods The general design of the experiment This study was conducted 
on eight dogs Control determinations of the tooth pain threshold were made 
at inten als during a penod of sixteen weeks before and after the fifty day period 
of morphine administration During the period of morphine administration, 
each dog was given subcutaneously 3 0 mg of morphine sulfate per kilogram 
body weight at the same time every evening The pain threshold was deter- 

1 This work was aided in part by a grant from Smith, Kline A- French Laboratories 

no 
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mined twice weekly just before the injection of morphine and at thirty, sixty 
and ninety minute intervals after the injection and at the same time (7 00 pjn ) 
of the dav and under the same conditions under which the control determinations 
were made. After the conclusion of the fifty day period of morphine admirna 
t rati on, the elevation of the pain threshold after morphine was determined on 
the thirtieth and fortieth days. 

The animals were fed during the morning AH determinations were made m 
a oloeed room with only the operators present the only known uncontrollable 
factors being the barometric pressure and the humidity The presence of all 
conditioning cues were avoided and carefully looked for The animals were 
trained to stand In a stock before pain threshold determinations were started 
and each animal was placed m the same relation to the others m the group during 
each test, other details need not be mentioned. 

The algtsimeinc method used The algesimetno method used has been pub- 
lished in detail elsewhere (2) along with an analysis of various algedmetrio 
methods. It consisted of applying an uninterrupted alternating current m peaks 
of variable but controlled voltage through metal fillings in the cuspid teeth of 
the dogs There were two fillings in each tooth and in the test two pinoher like 
platinum electrodes were applied to the fillings in one and the same tooth. The 
path of the current was probably directly through the tooth, since when tho 
current was applied to metal fillings in our teeth or thoeo of other human sub- 
jects the only sensation perceived was projected to the tooth stimulated 

The choux of the criterion of pain. When such a current is applied to a metal 
filling in the tooth of a human subject and then gradually increased, the first 
sensation is difficult to describe it simulates a prick which is not painful A 
further slight increase in current causes a pam sensation. It is believed that 
the pulps of teeth are innervated only by pain nerves This is our opinion 
based on the repeated stimulation of the pulp through fillings in more than fifty 
human subjects 

In man the sensation of pain is experienced with much less current than that 
which causes an avoiding reflex. Thus it is reasonable to assume as must be 
done m any pain study on animals, that a dog senses pam at or below the level 
of the threshold at which an avoiding reflex is elicited Since according to 
existing evidence, the pulp is innervated only by pain nerves an avoiding reflex, 
an objective phenomenon produced by stimulating a tooth should be more 
reliable for the determination of pam threshold than the subjective report of a 
human subject. This should obtain particularly when drugs are used which 
effect the subjective feeling tone or the mental attitude. 

Bogs vary in regard to the type of avoiding reflex they manifest when the 
tooth pulp is stimulated Some dogs contract the comer of the mouth some 
contract the tongue and others move the mandible The first noticeable con 
traction standard for the dog was interpreted as indicating that the pain thres 
hold had been reached Three threshold readings were mode at each interval 
determination, the lowest peak voltage which produced the standard response 
three times in succession was accepted as the measure of the pain threshold for 
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any interval determination The threshold of each of tv.o cuspid teeth was 
recorded and the average of the two was considered to be the threshold 
The nature of the control When the threshold was determined m the control 
period and m the morphine period, the initial threshold was determined about 
fifteen minutes after the animals were placed in the stock and again at thirty, 
sixty and ninety minutes In the morphine period, the morphine was injected 
after the initial threshold had been determined Determinations were not made 
for a longer period than ninety minutes to at oid the effects of fatigue in the dogs 
The control data The method we employed yields three types of control data, 
namely, the initial threshold value for each test, the threshold values (zero, 
thirty', sixty, ninety minutes) for a blank test m whicji no drug was given, and 
both groups of control data for sixteen weeks before and sixteen weeks after the 
fifty-day period of daily morphine administration 

TABLE 1 


Showing the mean, the average demotion, and maximum single demotion from the mean 0 / 
twentg-eight initial control tests, made over a period of sixteen weeks, in volts 


DOG 

AVEkAOC 

AVCXAOE DEVIATION 

MAXnruV IDfCLt 
DEVIATION 

IB 

1 21 

0 19 

0 41 

2C 

0 08 

0 12 

0 21 

3F 

1 03 

0 06 

0 17 

4L 

1 10 

0 15 

0 34 

GQ 

1 69 

0 17 

0 41 

OS 

0 01 

0 OS 

0 21 

7T 

1 47 

0 17 

0 46 

8\V 

0 87 

0 21 

0 33 

Averago 

1 09 

0 14 



The initial threshold value represents the first value determined fifteen minutes 
after the trained animals were placed m their stocks It provides information 
regarding the extent to which the pam threshold of the teeth vanes in each dog 
from tost to test, the tests being performed on Tuesday and Fnday The initial 
mean threshold value of each dog is shown m table 1 with the average deviation 
from the mean, the maximum single vanation is also shown in the table The 
initial test threshold from test to test may vary 0 2 volt above or below the 
mean, but only occasionally more The cause of this is uncertain, but the 
results shown in the table (table 1) are representative of the venations we have 
seen m eleven other dogs we have used for other aigesimetnc studies The 
initial threshold value for each dog also serves as a control value with which to 
compare the analgesic action of the drug to be administered 
The blank control test values consist of the aigesimetnc readings made initially 
and at thirty, sixty and ninety minutes when no drug is given These data 
provide information regarding the effect, if any, of standing or sitting in the 
stock, or the extent to which the threshold vanes over a penod of ninety minutes 
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The four values may show a spread in the dog of 0 1 volt, but rarely more. 
The a\ ertigo of a series of blank control test values for this group of eight dogs 
is shown in figure 1 in which it is contrasted with the average of the test values 
obtained after the injection of 3 mg of morphine sulphate per kilogram body 
weight It is to be noted that on the average, without drugs, the threshold 
tends to decline with time during the test period 
Results The analgesic effect of morphine sulphate injected of three to ten day 
intervals Before starting the daily injections of morphine it was considered 
advisable to ascertain the analgesia caused by the dose of morphine to be injected 
dally (3 mg per kilogram) This doee of morphine was given subcutaneously to 
the dogs on October 29 November 9, 12 and 16 the latter date representing the 
first day of the fifty-day period of daily injections of the same dose It waa 
assumed that three to ten-day intervals were sufficient for the effect of morphine 



Time in minutes 

Fia 1 8HOWTWO Atebaq* Rim in Threshold or the 8 Doa* Anna RectcviwO Tmm 
Fijwt Dob* or Monrrait* 3 Mo re* Kilo Boot Whiout, thx Ejtwjtb or 
Other Do®m and tub Avxeao* or Control Do*** 

'C' U this chttb of the Bvemjo control d*ta from 43 te*t* on the 8 doc* *M show* 
the average rite In pain thre*boldof the 8 dof* after th» tingle do*e of morphine *M and 
M w ihow effect* of *m*Uer dote*. 

on pain threshold to disappear Four weeks (February 4) and about six weeks 
(February 16) after the end of the fifty-day morphine period, the analgesic effect 
of the doee of morphine was again determined It waa believed that six mor- 
phine control injections, four before and two after the fifty-day period, would be 
adequate, since it is well known that 3 mg per kilogram of morphine has an 
analgesic action on the dog 

The nlgesimetnc data for the tests on November 12 and 16 and February 4 
and 16 for the eight dogs are shown in figures 2 and 3 In the volts required to 
produce the standard threshold avoiding reaction in each dog The extent of 
analgesia \ fined in the different dogs and m the same dog but its peak was 
usually observed thirty mimitea after the injection. 

In figure 4 the same data are illustrated by showing the average analgesia, 
recorded over the ninety minute period For example, using the curve in fig- 
ure 2 on Dog 4L cm November 12 at thirty minutes the threshold waa increased 
1-35 volts at sixty minutes 0 76 volt at ninety minutes, 0 65 volt, the sum » 
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z\tSoX*zs:' 0 9 vo,t ' k ty th ° •» 

„ ? h . c ? na Jl est ° c $ ec f °f consecutive daily injections of the same dose of morphine 
sulphate The first olgesimetnc test after daily injections had started was made 

on Wmber 19 or on the fourth daily injection Others were made as indicated 
m figures 2, 3 and 4 

Some tolerance or decreased analgesic effect of morphine was observed m four 
of the eight dogs on the fourth daily injection (71, JB, OS, 2C), by the eighth 


Daily AdmtusCridon of duly- 




12 16 * IV 23 26 30 3 7 10 tf 21 28 4 H 15 

NOVEMBER DECEMBER JAN. Fta 


J'iq 2 Shotting tub Axgesimetric Data on Morphine Apwnistbatton before, cubing, 

AND AFTER THE 50 DAT PBHJOD OF DaII/T MORPHINE AdJONIS TRATIOS 
Tho first value id each curve is tho initial threshold value for the test before the morphine 
was injected 


day it was decisively present m six of the eight dogs (4L, 71, IB, 3F, 6S, 2C) 
In dogs 5Q and 8W if was not decisively present until the twenty-fourth and 
■thirtieth days, respectively 

The decreased analgesic effect of the morphine is not correlated in the indi- 
vidual animals with a high initial test threshold, that is, the control value 
obtained before injecting the morphine This is shown by inspecting the records 
-of Dogs 8W, 5Q and IB particularly However, when the initial thresholds of 
all dogs are averaged for the pre- and post-morphine period and compared with 
"those of the morphine period, it is found that the averages of the initial tbres- 
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holds during the morphine period are significantly higher than those of the 
pm- and poet-morphine periods For example figure 5 Bhovu the average initial 
threshold value for the dogs for each teat from July 8 1943 to April 28 ^944 
The mean initial threshold for all the testa during the morphine period la 1-39 
volts, for the control periods 1 117 The difference is 0.273 with a probable 
error of +0 02 which is definitely significant. Also when one compares the 
initial threshold of each dog during the morphine period in figures 2 and 3 with 
the control period averages for each dog in table 1 it is found that the initial 



'Hie fint value in each curve U the Initial threshold valne for the test before the morphine 
wu Injected 


threshold of every dog during the morphine period is above that of the control 
period To what this may be duo is uncertain We believe that it is due to 
some effect of the morphme though we have no control to determine whether 
it Is a seasonal change It is because of this phenomenon that the data are 
presented as they are in figures 2 3 and 4 since when so presented they show 
that a high initial threshold does not limit the extent of the analgesic response 
This is so obvious from an inspection of the individual data that statistical treat- 
ment is unnecessary 

A study of the curves m figures 2 and 3 and especially the columns in figure 4 
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shows that m some tests the injection of morphine apparently decreased the 
pain threshold It has been shown, figure 1, that the threshold tends, on the 
average, to decrease when no drug is gnen, and it has been stated that the 
variation in successn e determinations in a test without a drug is ±0 1 i olt 
Hence, all the decrements in threshold shown in figure 4, with the exception 
perhaps of Dog 4L, can be interpreted as due to a lack of analgesic action of the 


Volts 



Sne/KUo i«,£/K,lo 

12 16 IT 26 3 10 21 X X 15 12 16 If 26 3 10 21 X v 15 

NOVEMBER DECEMBER JAM FEB-> NOVEMBER DECEMBER JAN FED 


Tio 4 Showing the Aveba.de Extent or Analgesia over the 00-winutk Period atteb 
Injection, Ubino the Initial Control Threshold or Each Test as the 
Babe of Estisiatinq the Average Analgesia 
B lack circle indicates occurrence of vomiting 

morphine This is not applicable to some of the tests (e g , 4L, figure 2, Decem- 
ber 10, 17, 21, 28) 

Periodicity tn tolerance is evident when figures 2, 3 and 4 are inspected This 
is quite evident in all the dogs except 5Q and 8W, m which tolerance did not 
develop until late m the penod, though we believe it is evident m Dog 8W U 
probably w ould have become manifest in 5Q if the injections had been continued 
In Dogs 4L, IB, 3P, 6S and 2C the analgesic response to morphine changes from 
mo resjxmse to a response clearly within the normal range 
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General observation* At the start of the daily morphine injections, the average 
weight of the dogs was 11 6 kg During the period the average loss of weight 
was 0 05 kg The dose of morphine, however, was kept at 3 mg per kilogram 
of initial body weight By the thirtieth da> after withdrawal of the drug, all 
animals had regained their initial weight. 

Records of vomiting were kept. Th§ tests in which vomiting occurred are 
recorded in figure 4 All dogs \ omited on October 29 and 12, seven on the 16th 
t>og L was the onlj one that did not vomit when injected one month after with 
draws! on February 4 and February 15 Tolerance to the emetic action of 
morphine was complete in two of the eight dogs, dogs 2C and 6Q and was 

VhlCs 



Fio 5 Saqwiira tot An vice Ikitial Test Cojitrol Tube* hold Yawjbs for Each 
Test orn a 16- week Period ietou akd 16-wt.ex Period atim thb Period or 
DaILT AIORTHUnS ADUUfTSTRATIOir 

The control* •Urted July 8 Four morphine oontrol* were started October 29 (note 
arrow) at not leu than 4-day Intervals the last being performed on November 16 on which 
day (A) the dally injection* started. The dally injections continued to January 4 (B) 
The injection of morphine wma repeated on February 4 and again on February 15 Blank 
control te*t* without any drag* were started on April 5 and continued as indicated to 
April 28 

practically absent in two, dogs IB and SW In the other dogs vomiting was 
intermittent. The daily records of vomiting show that on the twenty ninth, 
twenty-seventh and thirty-eeventh days no dogs vomited on the forty-eighth 
day all vomited and on the forty ninth only one No attempt was made to 
ascertain the role of conditioning in vomiting but one dog was definitely con 
ditioned since it vomited occasionally before the injection on the sight of the 
syringe 

Defecation followed the initial injections In five of the eight animals. There- 
after it occurred rarely but occurred again in the five nnimalw on the injection 
made thirty days after withdrawal (February 4 and 15) 

A conditioned salivary reflex developed in all animals and persisted through 
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out the period of daily injections. It also appeared on the first day after with- 
drawal, when saline solution was injected in place of the morphine At first 
the dogs salivated only after the morphine injections, but shortly started to 
salivate before the injections The post-injection salivation then decreased so 
that at times the dogs salivated more before than after the injection The post- 
mjection salivation, though not measured, appeared to decrease and increase or 
to vary from day to day during the period of daily injections 

A marked depression was apparent in all animals following the firat few injec- 
tions of morphine They could be aroused but quickly returned to a relaxed 
and semi-comatose condition The intensity of the depressant effect decreased 
after several daily injections and thereafter appeared to increase and decrease 
periodically The effect was not entirely absent at any time There is no satiB- 
factoiy method of measuring the degree of depression 

On several occasions, restlessness was observed m some of the animals just 
before the injection of morphine The restlessness was followed by depression 
after the injection When the daily injections were stopped after fifty days, 
withdrawal symptoms were negligible For three dayB after the morphine was 
stopped the dogs received injections of normal saline at the accustomed tune 
The dogs showed some restlessness before these injections The restlessness did 
not dimmish after the saline injections No salivation followed these injections 

Discussion This investigation was primarily undertaken to ascertain 
whether tolerance to the analgesic action of morphine could bo demonstrated 
in the dog Wo thought the observations made by Eddy and Himmelsbach (1) 
on tho cat were not sufficiently discriminative in the light of the observations of 
Hoefer (4) in man to warrant the belief that man develops tolerance to the 
analgesic effect of morphine and the cat does not We behoved that the method 
of eliciting an avoiding reflex by stimulating the nerves of a tooth, which has 
only pain nerve-endings, is more discriminative (it was in our experience) than 
eliciting avoiding reflexes by applying pressure to the tail, which contains both 
pain and pressure nerve-endings 

We believe our data unequivocally demonstrate that the dog, in so far as 
tooth pain is concerned, manifests tolerance to the analgesic effect of morphine 

Our data, however, unexpectedly showed that the time of onset and the extent 
and duration of the tolerance to tho analgesic effect of morphine is subject to 
variation The toleranco became complete and then partially or completely 
disappeared in four days, though the injections of morphine at the same dosage 
level were continued An explanation of this phenomenon is not available, 
since an adequate explanation for tolerance to any effect of morphine has not 
been established. 

The only investigators who have injected dogs with 3 mg of morphine sulfate 
per kilogram body weight daily over a long period are Tatum, Seevers and 
Collins (6) We have confirmed their observation that complete tolerance to 
depression and drowsiness does not occur under such a condition These investi- 
gators do not report whether the degree of depression and drowsiness varied 
with injections from time to time Our impression is that it does, the same is 
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true of the extent of the poet-injection salivation. In order to explain the dis- 
crepancies m the report* on the development of tolerance to the excitatory effect 
of morphine in the cat, Krueger Eddy and Sum wait suggest that ‘tolerance to 
the exciting effect can develop if only small doses are employed. It is possible 
that at the dosage level we employed in dogs we may be dealing with what may 
he termed the threshold of the tolerance mechanism at which level the extent 
and duration of the excitatory effects and of the tolerance to the depressive 
effect* of morphine may vary and hence influence the extent of the depression 
and analgesia. However we find little evidence to support the concept that 
the animals became tolerant to the excitatory effects of morphine on that basis 
it is impossible to explain the decrease m pam threshold after the injection of 
morphine in Dog 4L and the failure to observe analgesia in numerous instances 
We suspect that the variations in response are due to asynchronous variations 
in the extent and duration of the excitatory effect* and of the tolerance to the 
■depressive effects of morphine 

BUMMART 

Eight dogs were each given 3 0 mg of morphine sulfate per kilogram body 
weight subcutaneously daily for fifty days General reactions were observed and 
change* in tooth pain thresholds were determined by electrical stimulation 
The tooth pain thresholds were determined for twelve weeks before and after 
the penod of morphine administration. 

Reactions such as vomiting salivation and defecation were reduced after the 
first few injections and thereafter \aned irregularly 

Elevation of pam threshold by the morphine was at first marked, becoming 
less on successive injection and then again greater, the effect tending to vary 
periodically The pre- administration pam threshold tended to be higher for the 
group during the penod of daily administration of morphine. 

It is concluded that continued daily administration of a uniform dose of mor 
phine produces tolerance to the analgesic effect of morphine In the dog but that 
the tolerance is not lasting, disappearing and reappearing periodically as dally 
admini stration is continued 
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It has been observed in man, dog and cat that 90 per cent of quinine injected 
intravenously leaves the blood within 5 mmutes (1, 2, 3) Hatcher and Weiss 
behoved quinine is quickly and temporarily fixed bv the capillaries (4) In the 
case of atabnne, Hecht found it to be taken up by the organa with which it 
first comes into contact — by the lung m intravenous injection and by the liver 
in oral administration (5) In tissues, quinine is to a largo extent destroyed 
enzymatically (6, 7, 8), however, it is not understood how atabnne is metabo- 
lized in the body The purpose of the present investigation is to find out the 
mechanism involved in the initial rapid disappearance of these alkaloids from 
the circulation or tissues , 

The experiments were conducted m chickens after partial blockage of the 
reticulo-cndothelial system, m dogs with hepatic injury, m rabbits with leuko- 
penia, and following evisceration, and in heart lung preparations These prepa- 
rations were employed in order to investigate whether the reticulo-endothelial 
system, the blood elements of the bone marrow or the capillary wall takes part 
in the initial elimination process The rate of elimination of quinine, and 
atabnne from the circulation was determined during the first two hours follow- 
ing intravenous injection In heart-lung preparations, the amount of alkaloid 
m the tissues was also determined 

Extebuiental 1 Chemical Analyses A Qu mine and iti fluorescent degradation prod- 
ucts vrere differentially determined by a method which was doviBed by us for the present 
investigation In brief, quinine together with its degradation products was extracted 
from the blood nnd tissue samples at pH 8.6 with ethylene dichlonde For qummo alone 
the blood nnd tissues were first digested with 2 per cent NaOH, and in this alkaline medium 
the extraction with ethy lene dichlondo was earned out The amounts of those substances 
were determined fluoromotncally with the Coleman photofluorometer (Model 12) 

Quinine plus tls degradation products Into n 30 cc glass stoppered centrifuge tube con- 
taining 4 6 cc water and 1 cc M/2 NnjHFCh, there was delivered 0.5 ce blood, followed 
by 10 cc ethylene dichlonde (punfied by shaking 10 minutes with nont) Oxalated blood 
may bo used In the case of tissues, the fresh matenal was homogenized with water in a 
Waring blender One gram of tissue was made up to a final volume of 10 cc , 2 6 to 6 0 cc 
of tho tissue suspension were taken for each determination Into the suspension in the 
contnfuge tube, 1 co M/2 Na,HPOi was added and a sufficient amount of water to make a 
total volume of 6 ce This was followed by 10 cc ethylene dichlonde For larger quan- 
tities of blood and tissues, the reagents were increased proportionally The contents were 

1 Tho work desenbod in this paper was done under contract recommendod by tbc Com- 
mittee on Medical Research between the Office of Scientific Research and Development 
and tho University of Chicago 
1 Lcderlo Laborntones Fellow 
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•hikcn vigorounly for 4 minutes and centrifuged at a moderate speed for 15 mlnutte. Tbe 
squeous layer and the precipitate were drawn off carefully by notion connected to a water 
pomp In some instance*, as with the chicken blood where tbe precipitate wni jell like 
and ooaid not be removed easily without carrying along ft considerable amount of tbe 
ethyl enedl chloride the precipitate waa broken into parts with a glass rod and a portion of 
it large enough to allow the entrance of a pipette was drawn off by suction 

Six cc of the extract were pipetted into a test-tube curette and 2 oo. ecld-aloobol (1.92 
parts of absolute alcohol to 0.0S parts of 10 N Hj80«) were added to it The amounts of 
quinine and the degradation products were then determined with tbe Coleman photo- 
flnorameter using Bi PO-1 or BiB PC-1 filters 

Qitfnfns alont The amount of blood or tissue suspension was usually tbe same as that 
for the determination of quinine and Its degradation products. Enough water and 4% 
NaOH were added to the oentrifuge tube to make a total volume of fl oc containing 2 % 
NaOH Tbe contents were heated in a water bath for one hour the tube being covered 
with a boiling cap in order to prevent an excessive loss of water by evaporation After 
cooling 10 cc ethylene dlchloride wera added followed by the procedure given in the 
shove section Extraction at thla high alkalinity sometimes resulted In the formation of 
an emulsion at the interface especially when a large quantity of blood or tissue had been 
used This however rarely happened with Off oc blood or 2ff oc. of the 10% tissue sus- 
pension. Whenever an emulsion had formed the upper aqueous layer was drawn off and 
replaced with 5 co water Tbe contents were shaken gently for a few seconds so as to 
break up the emulsion. This manipulation and centrifugation did away with the colloidal 
condition without resulting in a diminution of the accuracy of the method. 

B Atabna* was estimated by the single ethylene dlohloride extraction prooodura of 
Brodie and Udenfriend (9) with slight modifications to meet our experimental conditions. 
The extraction waa carried out at pH 8ff with M/2 Na*HPO* in a 90 cc gi ass-stoppered 
centrifuge tube B fl PC-9 filters in a Coleman photofluorometer were used for isolating 
the fluorescence of atabrino in ethylene dichloride acidified with glacial aoetic acid 

If Technical Procedure. A Btodcope of Ih* rsticufo-endolAiHol sjrtfewv. Chickens were 
injected with 5 cc of 1% norit in physiological acacia dally for fotir days They were used 
34 hours after the last injection 

B Lifer damage Dogs were given 10 cc CC1 4 per kilogram by stomach tube At the 
time o! experimentation the animals showed obviously toxic signs of hepatogenic degenera 
thm such *e pronounced jaundiee a prolonged retention of the injected bromanlphthalrin 
in the circulation and an Increased coagulation time of tbe blood 

C Production of Irubopema. Rabbits were exposed to nltro-mustard gas at such a con- 
centration and duration that only the white cells in tbe circulation were decreased in num- 
ber (500-1000 per cm ) 

D EvUctralum. In rabbits under urethane anesthesia, the entire gaitro-lntestlnal 
tract spleen liver pancreas adrenals gonads and kidneys were removed. In one ex- 
periment the right innominate the left carotid and the left subclavian arteries were also 
ligated 

B Heart -lung preparation of the rabbit *» sift*. The technique is essentially that of 
Knowlton and Starling (10) for the cat with one modification which is necessitated by the 
presence of two precaval veins In the rabbit Tbe external circuit was connected to the 
preparation from the right carotid to tbe left precaval vein It was found essential that 
eannulation of the left precaval vein be performed prior to the ligation of the right sub- 
clavian artery and the right precaval vein, thus providing a better venous return to the 
right auricle Instead of adding heparinised blood to the heart-lung preparation 75 co 
ot beparmixed Ringer Locke solution were administered into the prepared rabbit by way 
of the left precaval vein just before the ligation of the abdominal aorta. The amount of 
Uie heparinized saline (about SO ec ) In the external circuit plus the quantity of blood 
drawn into It from the animal s own body waa sufficient to keep the heart-long preparation 
functioning phyrdologienBy for the period required by the experiment (1-2 boors) 

The alkaloid whs injected into the preparation through the precaval vdn and the blood 

for analysis was drawn Irom the carotid artery 


122 


GRAHAM CHEN AND E M K G El LING 


Results and discussion Photofluorometnc determination of qumme and 
its degradation products The fluorometnc readings were standardized against 
ethylene dichlonde extracts of known quinine concentrations, prepared under 
conditions identical with those for blood and tissue analyses The zero reading 



on the instrument is as adjusted with a solution containing 6 cc ethylene di 
chloride and 2 cc acid-alcohol A linear relation was obtained between the 
intensity of fluorescence of quinine in ethylene dichlonde in the presence of 
H1SO4 and the amount of qumme taken for extraction (fig 1) 

Owing to the unknown nature of the qumme degradation products, the 
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amounts of these substances were determined with the same filters us i ng quinine 
as the standard 

The recovery of the added amounts of quihine from the blood by both pro- 
cedures is shown in figure 1 in which the intensity of fluorescence of quinine in 
the extract was plotted agains t the amount of quinine taken for extraction with 
and without 0.5 cc. blood of the dog It will be seen that the amount of qui 
nine in the blood, aa low ns 02 microgram per cc , may be accurately determined 
by comparing it with a standard prepared under identical conditions. 

Data for the recovery of quinine from tissues of rabbit are given m table 1 
Tho lower values obtained from the lung and the liver suspensions at pH 8.5 
might have been due to some lose by eniymatic destruction of quinine in these 
media. 


TABLE 1 

Tkt (Ultrminotion af qt rfnfiu fft Koi*u 


ram ts c*.tf p*-) 

gcriDti Hd *ju*b 

% nc onn (ccrmrrn* udlQ 

NuHPOi 

r %N*QH 


mktttnmt 



n«*rt 

2 0 

101 o 

95 9 


2 0 

99 0 

94 4 

Ldn* 

2 0 

94 4 

100 0 


2 0 

94 4 

102 0 

Urtr 

2 0 

93 4 

101 0 


20 

94 0 

107 0 

Spited 

2 0 


99 8 


2 0 


100 2 

Mu*de 

20 

100 l 

104 0 


2 0 

98 0 

100 8 

Avtnia 

9fl 7 ±1 U 

100 fi ±1 14 


* Tint digested with 3% NaOH 


Smce the fluorescent degradation products of quinine have not all been iso- 
lated and identified chemically it was not possible to carry out recovery expen 
merits for thew substances as m the case of quinine. Consequently, their 
analytical values as determined by the present method should be looked upon 
with reservation until further information regarding their chemical nature is 
available 

The blank value obtained by extracting 0.5 cc Hood or 215 cc 10% tissue 
suspension at pH 8,5 is very small it amounts to a scale reading of 0 6 to ID 
divisions with the maximal sensitivity of the instruments and Bi PC-1 filters 
Therefore the error introduced by the blank is insignificant for an amount of 
quinine w the blood and tissuo samples greater than I miorogram which, under 
the conditions Just stated would give a fluorometrio reading of 25 divisions 
However after treatment with 2% NaOH the blank value for Wood was found 
to be 6-7 times greater Different samples of blood did not always give the 
eame values To a much leas degree it was found to bo the case for tissues 
neb m Wood supply In order to estimate the amount of the fluorescent ma 
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Retention of Atobrine In the Circulation of 
Chickens Receiving an Intravenous Dose 
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Retention of Quinine in the Circulation 
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tcrifll of the blood or tissues for tho blank, either ono of the following two pro- 
cedures may be used One ls to quench the fluorescence of quinine with HC1 
(0 08 cc of cone HC1) The other is to isolate and determino tho intensity of 
fluorescence of a sample first in a neutral medium l e 6 cc ethylene dichlorido 
extract and 2 cc absolute alcohol, then m the presence of HjSO« (0.08 cc 10 
N HjSOd In this neutral medium quinine does not fluoresce at all however 



Tim* Aftar la|acllon (Mlnolat) 


Fla 4 


the mtensity of fluorescence of the blood dements is greatly diminished m the 
presence of sulfuric add — ten determinations of different samples of dog’s blood 
having gnen an average ratio of 2.60 =fc 0 03 By means of this ratio the blood 
blank may be determined m the same samplo containing quinine while by 
quenchmg with HC1 a separate sample is required For results reported in 
this paper the quinine and blank determinations were mado in the same sample 
The graphs in figures 2-7 were obtained by plotting tho concentration of the 
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alkaloid in the blood on the ordinate and the time after intravenous injection on 
the abscissa They indicate that both atabnne and quinine left the circulation 
very rapidly and reached a more or less constant low blood level one hour fol- 
lowing the injection The initial fall of the blood concentration of atabnne is 
somewhat greater than that of quinine Partial blockage of the reticulo-endo- 
thekal system, hepatic damage, and evisceration did not in the least alter the 
rate of disappearance of these alkaloids from the circulation They also disap- 
peared from the circulation of a heartrlung preparation as quickly as from that 


Retention of Atabrlns In ths Circulation of Rabbits . 
Receiving an Intravinoui Dots of 2 5 mgm 
Atobrlns per Kgm Bd Wgt 

o Normal Rabbit (Bd Wgt 30 Kgm 1 
* Altar E»l»c»rotlon 
A, tiakopanlc Rabbit (».b c 300/mm 3 ; 

Bd. Wgt 1 7 Kgm ) 

Oj Ltukopanlc Rabbit («bc 1000/mm 3 
Bd Wgt 2 3 Kgm) 



20 30 40 

Tims After Injection (Mlnutet) 

Fia 5 


of normal animals The retaculo-endothelial system or the blood elements of 
the bone marrow, evidently, is not involved in the initial elimination mecha- 
nism, although they may take part m the elimination process later There was 
a greater drop of atabnne level in the blood of the leukopenic rabbits than that 
of normal anim als (figure 6) The difference might have been due entirely 
to the dimin ution of the white cells which possess a greater carrying or fixing 
capacity for atabnne than do other constituents of the blood (9) 

Considering the total volume of blood of an animal as 10 per cent of its 
body weight, 95 per cent of the injected atabnne or quinine disappeared from 
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the circulation 1-3 minutes following intravenous injection m chickens, rabbits 
and dogs A value of tho same magnitude was obtained m bcart-lung prepara 
tions where the amount of tho circulating blood could be accurately determined 
(fig 7) 



Tina Altar tnjacltoa (Ulnalaa) 

Fia fl 

In normal chickens and rabbits receiving 5 mgm /hgm quinine- HC1 mtraven 
ously 10-20 per cent of the qummo-likc fluorescent mate rials m the circulation 
at tho end of one hour wn* found to be due to quinine degradation products 
the larger quantity being m the blood of tho rabbit (fig 8) 

Results of tissue analyses of heart lung preparations of the rabbit indicate 
that about 80-90 per cent of the injected atabnne was found in the lung the 
remaining 10-20 per cent in the blood and tho heart These same values were 
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obtained either 2 minutes or 2 hours following the injection of the alkaloid 
(table 2) A yellow coloration of the surface of the lung may be observed im- 
mediately after the injection Apparently, atabnne a as not easilj metabolized 
in these tissues 



In the case of quinine, 20 per cent and 13 per cent of the injected alkaloid 
-were found in the lung and in the heart and blood respectively 5 minutes fol- 
lowing injection After an hour, only 7 per cent of the injected quinine ires 
recovered in the entire preparation, \ of it bemg in the lung (table 3) With the 
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diminution of the quantity of quinine, there was a corresponding increase in 
the quantity of its fluorescent degradation products in tho lung heart and 
blood — about 30-00 per cent of the total fluorescent materials 60-90 minutes 
after the injection Evidently quinine was destroyed cniymaticalh very 
rapidlv in tho lung 



The rate of this eniymatic process maj be estimated from the data obtained 
from an experiment with lung suspensions, in which ten grams of fresh rabbit s 
lung were homogenised with 100 ec of 1 m gm per cent qumme-HCl m saline 
for 10 minutes at room temperature During this period 80 per cent of the 
added qumlne was cniymnticafly destroyed The degradation products ac 
counted for J of tho qumme liVe fluorescent substances. Boiled lung suspen 
b ion wns used m control experiments (table 4) 

When tho blood level of the alkaloid during the early stage following injec 
tlon was subtracted from that at the end of one hour and this difference in 
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TABLE 2 

Amounts of Aiabnnt tn the blood, heart and lung of heart lung preparation) of rabbit s 


EXP NO 

awt or 

ATAB INJECTED 


TISSUES 

TOTAL AMT OB 
aTABKIXX bound 



mpn 

min 


fTtfm. 


l 

2 0 

2 

Blood 

0 296 

14 8 




Heart 

0 144 

7 2 




Lung 

1 548 

77 4 

2 

2 0 

90 

Blood 

0 016 

2 3 



1 

Heart 

0 275 

13 8 




Lung 

1 7C5 

SS 3 

3 

2 0 

120 

Blood 

0 020 

1 0 




Heart 

0 10S 

5 4 




Lung 

1 849 

92 5 


TABLE 3 


Amount s of quinine and Q D P ( quinine degradation products ) tn the blood, heart and lung 
of heart lung preparations of rabbits 


EXT NO 

AMT or 

QUIXOTE 

WJECTtD 

dutatiox 
or up 

TISSUES 

TOTAL AMOUNT OT 

rzt cent or 
the injected 

QUTXTXE 

Quinine -f 
QJ)J 

Quinine 


«Xfri 

mm 


JHfW 

min 


1 


5 

Blood 

0 095 

0 092 

4 6 


■HhI 


Heart 

0 192 

0 171 

8 6 


■H 

1 

Lung 

0 490 

0 887 

19 4 

2 


60 

Blood 

0 097 

0 057 

2 9 


1 


Heart 

0 059 

0 040 

2 0 


1 


Lung 

0 118 

0 046 

2 3 

3 

3 0 

90 

Blood 

0 385 

0 115 

3 8 



1 

| Heart 

0 OSS 

0 014 

1 5 




Lung 

0 225 

0 079 

2 6 


TABLE 4 

Enzymatic destruction of quinine tn lung-suspension ( rabbit ) 


(10 minutes) 



AWCrUVT or QUININE (MCK.) j 






AMOUNT OT Q-DJ t 

uumx (100 cc. 10% swiscov) 

4<UaJ 

After 10 mlnntes 

(MOV r» TXUU 

or quinine) 



pH 8 5 

J%MOH 

i 

Fresh 

1 0 

0 309 

0 208 

0 101 

Boiled 

1 0 

0 942 

0 941 



• pH 8 5, extracted at pH 8.5, 2% NaOH, digested and extracted in 2% NaOH 
^ QJD.P “"quinine degradation products 
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blood levels and the corresponding times were plotted in their logarithms they 
bore a linear relationship The lines in figure 9 were obtained b> plotting the 
data m figures 2-7 The log/log linear relationship suggests the possibility 
that the mechanism involved in the initial rapid removal of the alkaloid from 
the circulation is an adsorption process m the tissues. In view of the over 
whelmingly large quantity of the alkaloid found m the lung and the anatomical 
structure of this organ the seat of the adsorption process in removing atabnne 
and quinine from the circulation is the lung capillaries This supports the view 



Fio 9 

of Hatcher and "Weiss that quinine is quickly fixed by the capillaries, it also 
explains the finding of Hecht that atabnne is taken up by the organs with which 
it first eomes into contact 


BUUIIABT 

A simple rapid and accurate procedure was devised for the determination of 
quinine and ite fluorescent degradation products in blood and tissues. 

The rate at which atabrine and quinine leaves the circulation following in 
t ravenous injection has been determined m chickens after partial blockago of 
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the reticulo-endothehal system, m dogs with hepatic injury, m rabbits with 
leukopenia, and following evisceration, and in heart-lung preparations In all 
cases, the alkaloid disappeared rapidly as m normal animals The seat of elimi- 
nation was found to be the capillaries, principally of the lung 
In heart-lung preparations there was no indication of any destruction of the 
injected atabnne for at least one hour, while 70 per cent of the injected quinine 
was destroyed enzymatically m 5 minutes With the diminution of the quan- 
tity of quinine, there was a correspondingly increased amount of its fluorescent 
degradation products in the blood and tissues 
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It is well known that the carotid body contains chemoreceptors, excitation of 
which results in reflex stimulation of respiration Among the diverse conditions 
and agents capable of effecting such excitation are oxygen want carbon dioxide, 
cyanide, sulfide acetylcholine, nicotine and lobellnb 

The respiratory response to certain of these agents is known to be conditioned 
by the arterial tension of carbon dioxide Stella (1) reports that when cyanide 
or sulfide is injected into the common carotid artery m the early part of an apneio 
pause produced by artificial hyperventilation respiratory stimulation does not 
occur Stella concludes that a certain minimal tension of COj in the arterial 
blood is necessary either for the chemoreceptors to be stimulated by the drugs 
used or which seems to him more probable for the respiratory center to be 
able to respond to the afferent impulses from the receptors. 

That the acapnmc blocking of cyanide may be peripheral rather than central 
would seem to follow from the work of Euler Liljestrand and Zottennan (2) 
These workers exam i ned the thesis that oxygen want, carbon dioxide and cyanide 
act on the chemoreceptons by a common mechanism namely a change in reaction 
to the add side m the sensitive cells Using cats anesthetired with chloral oso 
and recording the axeme potentials passing over the sinus nerve, they found that 
respiratory stimulation from the action of oxygen nant, carbon dioxide or cya 
nide on the chemoreceptors of the carotid body could bo effectively blocked by 
the simultaneous intravenous injection of small amounts (0 5-2 0 ml of 0.5 N) 
of ammonia indicating that these stimuli act by increasing the hydrogen ion 
concentration in the receptors In further indication of this, they noted that 
an increase in the oxygen saturation of the arterial blood also greatly reduced 
the stimulating effect of cyanides on the chemoreceptors 

On the contrary, the respiratory stimulating action of nicotine and lobeline 
could not be blocked by like amounts of ammonia, indicating that their site of 
action might be more central. Since both are well known ganglionic stimulants 
it was suggested that they act cm the carotid body m a way analogous to then- 
action on sympathetic ganglia. Extending this concept Euler and co-workers 
(3) found that in the atropimsed cat acetylcholine has no effect on respiration or 
circulation yet markedly increases the impulse frequency over the carotid sinus 
nerve In view of this it is postulated that the afferent pathways from the 
chcmorcceptora of the carotid body are interrupted by ganglionic cells in the 
region of the carotid body 

Consistent with this concept are the findings of Dnpps and Dumke (4) These 
133 
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investigators shoved that the dose of cyanide required to stimulate the chemo 
receptors varied directly with the oxygen tension, whereas, the threshold dose 
for alpha-lobehne remained unchanged 
During the course of experiments on the respirator} effects of nicotine in the 
dog, under Dial anesthesia, we have had occasion to note that, within limits, 
artificial hyperventilation will block the respiratory stimulating effect of nicotine’ 
Thus in four of the five dogs subjected to artificial hyperventilation, injections 
into the femoral vein of amounts of nicotine as great as 50 micrograms per kg 
produced no discernible stimulation of respiration In the normally breathing 
dog, 20 micrograms of nicotine per kg sufficed to produce marked stimulation 
In the fifth dog it w os not possible to completely block respiratory stimulation 
by this means, but the amount of stimulation was great]} reduced In four 
other dogs under similar conditions, injection of 6 micrograms of mcotine into 
the common carotid artery likewise failed to stimulate respiration, whereas, in 
the normally breathing dog ev en smaller amounts sufficed 

In view of the possible theoretical bearing of our finding with mcotine and 
Stella’s (1) finding with c}amde on the thesis proposed by Euler and co-workers 
(2, 3), determination of the site of block of the respiratory stimulating effects of 
nicotine and cyanide by artificial hyperventilation v\ as undertaken Assuming 
that the effect of artificial hyperv entilation on the hydrogen ion concentration 
m the carotid body is qualitatively similar to that produced by injection of 
ammonia, then according to the concept of Euler and co workers the site of 
mcotine block should be central, and the primary site of cyanide block may be 
peripheral 

Experimental Large dogs (15-20 kg) under Dial anesthesia were used 
Blood coagulation was prevented by intravenous injection of Chlorarol Fast 
Pink B (2 ml of 8 per cent solution per kg ) The dogs were used in pairs and 
the right carotid artery of one dog and the left carotid artery of another dog 
were ligated The portion of the carotid of each dog peripheral to the ligation 
was then anastomosed by glass cannulae to the carotid of the other dog central 
to the ligation The cannulae apertures were of maximum possible size so as 
to insure minimum changes in blood flow Thus a carotid flow from each dog 
perfused a carotid sinus of the other, making it possible for each dog to act both 
as recipient and donor Artificial hyperventilation of either of the dogs should 
result m central acapnia m the same dog and acapnia of the perfused carotid 
sinus in the other dog, while leaving the blood passing through the perfused 
carotid in the dog receiving hyperventilation unaffected Adequacy of the 
hyperventilation was judged by the appearance of a substantial period of apnea 
in the hyperv entilated dog on cessation of hyperv entilation Injections of nico- 
tine and cyanide into the perfused carotids were made through the rubber 
connections between the cannulae Nicotine doses used varied from 2—8 micro- 
grams and sodium cyanide doses from 12-25 microgrnms, depending upon the 
sensitivity of the animals pnor to hyperventilation 
finder the above conditions, failure of mcotine or c}nmde to produce reflex 
respiratory stimulation when injected into the perfused carotid of the dog being 
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actively hyperventilated vv as interpreted as indicating central block Similarly, 
failure of these substances to produce reflex respiratory stimulation when injected 
into the perfused carotid of the dog not being actively hyperventilated vras inter- 
preted as indicating peripheral block 

Results In six experiments, central block of the respiratoiy stimulating 
actions of nicotine and cyanide vv as obtained in all cases In only one animal 
was there any evidence of peripheral block to cyanide and in none id this occur 
to nicotine Typical of the results are those shown in figure 1 
In the one dog showing evidence of peripheral block to cyanide, block was 
repeatedly obtained to 12 microgram doses of sodium cyanide but not to 25 
mierogram doses Control injections of 12 microgram doses before and after 
hypcrv entilation produced definite respiratory stimulation 

CONCLUSIONS 

1 Artificial hyperventilation of sufficient degree usually abolishes the reflex 
respiratory stimulating effects of nicotine and cyanide 

2 In the case of nicotine, this appears to be due to decreased responsiveness 
of the respiratory center to afferent impulses 

3 The results with cyanide seem best explained on a similar basis, although 
there is some evidence that, to a much lesser ex-tent, depression of sensitivity of 
the chemoreceptors in the carotid body may occur 

4 These results essentially add no support to, but neither should they be con- 
strued os necessarily denying, the mechanism of afferent innervation of the 
carotid body proposed by Euler, Liljestrand and Zotterman The possibility 
remains that hyperventilation acapnia is an insufficient means of preventing 
cyanide from causing a change m reaction to tho acid side at the site of the 
chemoreceptors 
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The development of Increased resistance on the part of certain micro-organ 
isms to the action of chemotherapeutic agents haa been of considerable labors 
tory and clinical interest since the early days of chemotherapy Browning 
Franko and Roehl (1) working m Ehrlich’s laboratory observed that trypan 
oaomes could be made resistant to perafuchain It haa since been established 
that trypanosomes may become resistant to a variety of dyes areemcala and 
antimonials (3—11), and that certain bacteria may become resistant to sulfon 
amides (12) The evidence u conflicting aa to whether S pallida may become 
similarly "arsenic- fast. ' These drug resistant strains have been produced m 
the laboratory by repeated exposure of the organisms to suhlethal concentra- 
tions of the same or related drugs, and when such strains appear m clinical 
practice it is sometimes assumed that there haa been a recent similar exposure 
to the drug though not necessarily in the treatment-resistant patient himself 
As was indicated by Yorke (8) it ia an open question whether the production 
of an arsenic fast strain of trypanosomes by repeated exposure to Increasing 
oon centra tkms of the drug is an obvious example of selection in a population 
initially of varying susceptibility or whether the drug stimulates a true genetic 
mutation Yorke himself inclined to the latter view The following report 
ia of interest in this connection, amce we have observed the spontaneous de- 
velopment of a strain of T equiperdum resistant to amino- and amide-substi 
tuted phenyl arsen oxides This resistance developed m a stock strain wi thin a 
relatively abort period in the absence of exposure to drugs of any type, and 
persisted for at least 80 passage* through mice and two passages through rabbits 
Mitthodc Aim MATOHiALB. The strain of T eqinperdum which has been used 
in this laboratory since 1940 for tn miro and tn tiro assays of arsenicals was 
originally obtained from Dr A L Tatum, of the University of Wisconsin. 
It was maintained m white rat* and mice by the in tra peritoneal inoculation of 
infected blood at 2 to 3 day intervals. The inoculum m mice consisted of ap- 
proximately 10M0* organisms At irregular intervals the strain was passed 
through rabbits by the intravenous injection of 10 T organ brnu 
The method used for the tn vitro assay of trypanocidal activity, by which the 
change in the organisms was detected haa been previously described (13) aa 
has the micro-technic of arsenic analysis (14) 

ExFKMKENTAn. A Demonstration of Arscmc Resistance tn a Strain of T 
eqwperditm In October, 1943, it became apparent that certain phenyl arsen- 
187 
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oxides were not as effective against trypanosomes in vitro as they had been m 
earlier assays A large number of compounds were then tested, as well as 
different lots of the same compound, to determine whether the observed “re- 
sistance” was due to a change m the organisms, or, as at first suspected, to a 
chemical change m the compounds 

These data are summarised in table 1 The trypanocidal activities there 
listed are relative, referred to that of the unsubstituted phenyl arsenoode as 
100 The activity of this unsubstituted compound, and of phenyl arsenomdes 
with substituents other than amides, amines, or their derivatives, had not 
changed Essentially the same concentrations of these were required to im- 
mobilise the organisms under the conditions of the experiment as had always 
been the case On the other hand, the ammo- and amide-substituted com- 
pounds were now one fifth to one-two hundredth as effective as they had been 
three to eighteen months previously This change wms independent of the age 
of the compound, and different lots of the same compound, prepared at varying 
intervals before the test, gave similar results 

Fortunately, some compounds had been assayed repeatedly between July, 
1942, and October, 1943, making it possible to determine in retrospect when, 
and how r rapidly, the organisms had changed in their susceptibility These 
data are included in table 1 and are represented graphically m fig 1 While 
there had been slight variations in trypanocidal activity between July 1942, 
and July, 1943, these changes were insignificant in comparison with the precipi- 
tous drop which occurred between July, 1943, and October, 1943 

A similar course of events has been observed m resistant strains of T rhodesi- 
ense developed by repeated exposure to drugs (6) However, only untreated 
animals had been used for the propagation of the present strain since its re- 
ceipt by us in 1940 Moreover, none of the mice or rats m the colony had re- 
ceived treatment of any kind between July, 1943, and October, 1943, since m 
i vivo assays of toxicity and therapeutic activity had been suspended during the 
hot summer months These circumstances make it unlikely that the trypan- 
osomes had been exposed to arsemcals or any other drug during this period 

That the observed inactivity of ammo- and amide-substituted phenyl arsen- 
oxides and derivatives of these compounds was due to an actual change in the 
susceptibility of the organisms, and not to a change in the compounds, is con- 
clusively shown by several distinct lines of evidence 

(1) As is indicated in table 1, different lots of the same compound, prepared 
at different times, proved identically inactive 

(2) Other types of substituted phenyl arsenoxides, similarly stored, and in- 
cluding highly active as well as weakly active compounds, showed no change 
in activity 

(3) The compounds inactive against the altered strain of trypanosome proved 
fully active when tested against S pdhda (15) (table 2) 

(4) When a new strain of T equiperdum was obtained from Dr M V Veldee 
of the National Institute of Health, the trypanocidal activities of the ammo- 
and amide-substituted compounds tested with the new strain were identical 
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TABLE X — Continued 


Ttrz or 
SUBSTITUENT 
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“IndiiTeTent ’ 
Bttbctltn 
«nti 
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55 

83 
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CO jj 


57 5 

57 

1 0 

o-Cl— 




75 8 


81* 

51 

0 JC-IJO 


with those obtained with the old strain before the change m resistance, and five 
to two hundred times greater than their activity agamst the resistant strain 
simultaneously tested 

Repeated passages through mice, two passages through rabbits, and freenng 
at —80° centigrade did not cause the resistant strain to revert to normal 

The resistance to arsenicals observed in intro was also observed tn mvo With 
the original strain of T equiperdum, 1 6 mg per kg of the 3-NHj-4-OH phenyl 
arseno'ade (mapharsen), or 1 7 mg per kg of the 3 -NHj*4-C0NHj compound, 
cured 50 per cent of infected mice (13) After the strain had become resistant, 

‘‘ even 40 mg per kg , a dose which was in excess of the maximal tolerated dose 
of these two compounds, and which approached their LDw values, faded to 
cure any animals 

B Specificity of Arsenic-Remtlance Yorke, Murgatroyd and Hawking (6) 
have pointed out that the resistance of trypanosomes to arsenicals can be highly 
selective, and they developed two distinct types of arsenic-resistant T rhodesi- 
etise One strain was made moderately resistant to arsenophenylglycine In 
a second strain a high degree of resistance was developed to ammo- and amide- 
substituted phenyl arsenoxides and their derivatives The latter strain was, 
however, not resistant to acid-substituted arsenoxides (2), to the unsubstituted 
phenyl arsenoxide (8) or to phenyl arsenoxides with substituent groups such 
as — CBj or — -NOs (2), groups which do not significantly affect the toxicity or 
aotmty of the parent compound (12) 

As shown In table 3, the resistant strain of T equiperdum here described 
closely, resembled the latter resistant strain of T rhodestmsc, in that the re- 
sistance was primarily agamst the ammo- and amide-substituted phenyl arsen- 
oxides and their derivatives, with little or no resistance to the unsubstituted 
phenyl arsenoxide, to derivatives with ‘'indifferent” substituents such as — CH, 
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or —Cl, which affect nether activitj nor toncity, ot to derivatives with addle 
aubetituents 



DaTt of Assay 

Fio l The Stojttakious Development «t T EquirxRDUM of 'Rebibtawce to Ahiko- 
xifD AAinJE'iuDtTfrCTXD Phxjctl Aucxoxicu 


TABLE 2 


SAomap iMat coTtjxrundi ofaimt trAicA trypMQtomu t#er« (tabU t) adiri 

icAm IttUd afoiiul 3 pallida (If) 


ccahxntt 

EUH TTfTTD 

TUKVUaOIMl 

tfnrni* 

p-CONHi pbenyl araenoilde 

June 1939 

32 7 


October 1043 

25 

p~NHCONH, phenyl araenoxlde 

May 1939 

26 1 


October 1W3 

25 0 

p*OCHfCONH* phenyl araenoxlde 

September 1939 

S3 G 


October 1943 

35 


Per tram compound relative to that of phenyl araenoxlde aa 100 


The maintained activity of the ncid-substxtuted phenyl ansenoxidea against 
these resistant strains is of particular interest. It has been shown In a previous 
communication from this laboratory (13) that the p-(CHt)jCOOH phenyl 
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arsen oxide provides an exception to the general rule that acidic substituents 
inhibit trypanocidal activity This compound was highly active in miro, 
gave a better chemotherapeutic index m experimental trypanosomiasis of mice 
and rabbits than any other arsenical tested, and is now under field trial m man 

TABLE 3 


Companion of “arsenic resistant'’ strains of T equtperdum (spontaneous and T rhodesunte 
( induced ) m their susceptibility to vanous types of phenyl arstnondts 



caiftooxD (all cokpouxm axe raum. 
AXSEKOXEDES U*IXJ5 0T3X**TTE STATED) 

XEJUTAKT TACXOX 

TYIX OT RUBSTITPPrr 

(ipontxntocsly 

ralsUnt) 

1 T rkodtsirnu 
) (Induced 
i resUUnct) 

Unsubstituted phenyl nrsenonde 


mm 




ml 

Amides and substituted 

p COKHj — 

140 

64} 

amides 

p-SOjNHj — 

165 



p-NHCHiCONHi— 


266-5121 


p NHCONHi— 

67 


Amines and substituted 

pNHr- 

4-6 

4-8} 

amines 

p NKCOCHi — 

38 

32t 


3 NH,-4-OH— 

35 

32} 

Acids 

p (CH»)iCOOH — 

1 0 



p (CHt)iCOOH — 

1 0 



p COOH- 


ug mm 


3 CHjCONHs-4-COOH — 


SUB 


4 CHiCOXH -3 COOH— 




2,4 COOH— 



"Indifferent” Bubstitu- 

p NO, — 

mm 

0 5-1 0} 

ents (no effect on tox- 

2,6 CHj — 


0 5-1 0} 

lcity) 

p CHi — 




1 naphthvl arsenoxide — 

1 0 


1 

o Cl— 

1 0 



* Resistant factor «* activity vs normal strain/activity vs resistant strain — try- 
panocidal concentration foe resistant strsm/trj paoocidal concentration lor normal 
strain (S) 

t For complete list of compounds tested with this strain see table I 
t King and St range ways (2) 

5 Hawking (8) 

The fact that it is fully active against some resistant strams of trypanosomes 
extends its possible usefulness 

C Arsenic Resistance in Trypanosomes as a Function of a Decreased Power to 
Combine until Arsenicals, and Possible Explanations for the Latter The reason 
for the demonstrated resistance of this and other strams of trypanosomes to 
some arsenicals, but not to all, is of considerable interest Two points of view 
have been expressed by previous workers, one, that the resistant organisms 
actually have an increased tolerance for the drug (10, 11, 16), and the secon , 
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that the organisms are normally susceptible to bound arsenic and that their 
selective resistance to eome areenicals is due to their failure to combine with 
those specific compounds (3, 7 8) As summanred in the following paragraphs, 
the weight of evidence seems to be m favor of the latter view 

With a biological method of assaying arsenical, Yorke, Murgatroyd and 
Hawking (7) showed that arsenic resistant strains of T rhodtsitnte bound much 
less arsenic than normal strains from solutions of compounds to which they were 
resistant This was confirmed by Hawking (8), with a chemical rather than 
biological method of assay On tho other hand Reiner Leonard and Chao 
(10) and Pedlow and Reiner (11) found not enough difference between the 
amounts of arsenic bound by normal and resistant strains of trypanosome to 
account for their widely varying susceptibility and inclined to the view that 
tho larger amounts of arsenic bound by normal trypanosomes ware due to the 
fact that a significant portion had been damaged or killed bj the arsenical 
Hawking (8), however, subsequently demonstrated that the difference m com 
bining affinity was apparent even under conditions in which the normal organ 
isms had not been killed 

In our own experiments, the combining affinity of T equiperdum for five 
arsenleals had by chanco been tested just before and just after the strain be- 
came arsenic ‘resistant (table 4) In the case of two of those compounds, 
the p*SO«NHj and p-CONHCHiCONHj phenyl arsen oxides a high degree of 
resistance was apparent in October, 1943 and at that time the trypanosomal 
suspension bound negligibly small amounts of these compounds m one to sixty 
minutes compared to the amounts bound in July or earlier, when the strain was 
normally susceptible This difference was apparent in the shortest time periods 
tested when there had been no demonstrable effect on the motility of either 
strain, and must therefore reflect inherent differences m the combining affinity 
of the living intact organisms (The large amounts bound after 24 hours repre- 
sent fixation by dead trypanosomes not relevant to the present discussion ) 
Almost the maximal loes of affini ty for the p-SOjNHj compound occurred be- 
tween July 10 and August 30 with no significant change thereafter and it 
seems likely that the arsenic-resistant properties of the strain were almost 
fully established by the latter date. 

In contrast to these results with amide-substituted compounds, m the case 
of three other arsen cm des to which the ‘resistant trypanosomes remained 
fully Busceptible (the unsubstituted phenyl areenoxide and its p-(CHj)*COOH 
and p-Cl derivatives), there was no difference in the degree to which the arsen 
ical was bound before and after the development of its selective resistance (cf 
table 4) 

The present experiments with an arsenic-resistant strain of T tquxpcrdum 
thus confirm the findings of Yorke Murgatroyd and Hawking (7) and Hawking 
(8) with a resistant strain of T rhodenaiae The resistant organisms bound 
less aisenio than normal trypanosomes frum those araemcals to which they were 
resistant, but their affinity for phenyl areenraades to which they had not be- 
come resistant remained quantitatively un chan ged 

It is relevant to this discussion to point out that the varying susceptibility 



The decreased affinity of trypanosomes for those phenyl arstnondes to which they spontaneously developed resistance, and their maintained 
' affinity for those compounds to which they remained normally susceptible 

(Technic of experiments as described m heading to table 5) 
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of normal trypanosomes to different arsenical* is also a direct function of their 
combining power with those compounds. Reiner, Leonard and Chao (10) 
found this to be the case on comparing the 3-NHr4-OH phenyl arson oxide 
three nrsphenammes and an arsenic acid. In our own experiments the cor 
relation between the trypanocidal activity of a large series of phenyl arsen oxides 
and the relative amounts of each bound under standard conditions by a sus- 
pension of T tqmperditm, was bo marked as to suggest a definite causal rela 
tlonahlp (table 5) 

It Is to bo emphasized that the amount of arsenic bound bore no necessary 
relationship to the proportion of dead organisms at the time of the test Under 
the conditions of the experiment all compounds with a molar activity of 45 or 
more had immobilized all the organisms while all compounds with an activity 
of 31 or less had had no demonstrable effect 'Within each group of com 
pounds the amount of the individual arsenical bound by the organisms never 
theless varied with their trypanocidal activity Moreover, as will be shown 
in a subsequent paper the chemical removal of the arsenical from organisms 
already immobilized and apparently dead caused A prompt return of motility 
and infectiousness dear evidence that the blndmg of arsenical* was causally 
related to the observed Immobilization 

In summary' these several observations strongly suggest that the varying 
susceptibility of trypanosomes to arzemcals is determined by the varying de- 
gree to which the latter are bound by the organisms Comparing a series of 
compounds thoee with the greatest com bining power are the most active 
Similarly, the decreased susceptibility of arsenic resistant strains to certain 
compounds is apparently a function of their di mi nished affinity for those specific 
compounds Whether in normal or resistant strains of trypanosomes, the 
fact which primarily determines the direct trypanocidal activity of an arsenical 
Is tho degree to which it is bound 

It has been shown in a preceding paper (17) that the widely varying toxicity 
of arsenical* reflects the degree to which they are bound by the tissues The 
correlation here Bhown between their trypanocidal activity and the amount 
bound by the organisms is analogous to and consistent with, those finding *. 
Although the concepts of parasitotropism and organotropism postulated by 
Ehrlich, and the statement that chemcrtherapeutio agents are not active un 
less bound ’ (21) may be too inclusive as generalizations they do seem entirely 
valid for the arsenical* As a group these are active precisely to the degree 
that they are bound by the tissues or by the parasites Their toxic or para 
sitiddal action therefore probably rests on tho fact that at least some of the 
chemical groupings reactive with arsenic (perhaps -9H (22)) are functionally 
essential to the oeU and are rendered Inactive by that combination 

The underlying cause for the selective loes of affinity for arsenical* manifested 
by arsenic resistant ■ trams of trypanosomes is still obscure Hawking (8) 
has suggested that the ' receptor 1 ' groups for arsenic in the resistant strain are 
modified in the sense that they have a diminished affinity for trfvalent arsenicals 
carrying certain substituent groups while they maintain their affinity for e.g 
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TABLE 6 

The trypanocidal activity of arscmcals tn relation to their binding by normal trypanotomes 

Method One ce of the arsenical solution was added to 9 cc of a buffered suspension 
of T tquipcrdvm The medium consisted of one part rabbit serum, two parts 0.85 per 
cent NaCl, and two parts of M/10 phosphate buffer at pH 7 4 The final arsenic concen- 
tration was 1 66 micrograms per cc Although the final concentrations of organisms 
varied from 200-300 X 10 s per cc , the median was 250 X 1 p*, and all the results have been 
recalculated to that base, assuming a linear relationship between the number of organisms 
and the amount of arsenic bound 

After prompt and thorough mixing the specimen was allowed to stand for 10 minutes 
at room temperature and then sharply centrifuged The volume of sedimented trypan 
osomes per 250 X 1G 7 organisms averaged 0 12 cc 
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unsubstituted phenyl ammoxide, which acts equally on normal and recant 
trypanosomes Because of an apparent correlate between the chemothcra- 
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peutic index of a senes of aranncala (ratio of toncity/trypanoddal activity) 
and their ‘ resistant factor’ (susceptibility of resistant strain /susceptibility of 
normal strain) he has further suggested that the receptors in resistant organisms 
more nearlj resemble those of the host tissues However m a large senes of 
amino- and amide-substituted phenyl arsenccddes tested m that respect, we 
have found no correlation between the toxicity of the compounds in mice or 

TABLE 6 

S\<nnng tAoi orwnfc retuiant organxtm* do not rtmnili mammalian lUrtu in tiofr 
uttetpUbihiy to aricnicah 

a) No correlation between trypanoddal activity and toxicity 

CD i, 

b) No correlation between chemotherapeutic Index nod rede tent factor (activ- 


ity vi normal atraln/actirity vi reairtxnt itrain) 
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rabbits and their trypanocidal activity against the resistant strain as Hawking’s 
thesis would imply or between their chemotherapeutic mdex and their 1 re- 
sistant factor’ (table 0) 

In this same connection King and Strangeways (2) have pointed out that the 
unsubstituted phenyl araenoxide to which the arsenic fast strain fa just as sus- 
ceptible as the normal strain is chemically no more reactive than some of Its 
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substituted derivatives Thus, the velocity of its oxidation is between that of 
"the p-NHCONHs and the p-CONH 2 phenyl arsenoxides (18) As an alterna- 
tive hypothesis in explanation of arsenic resistance, they suggested that highly 
active compounds which are equally effective against normal and resistant 
strains of trypanosome are usually devoid of hydrophilic groups, and may be 
.more readily transported within the cell by virtue of the resulting solubility in 
lipoids, while compounds which are relatively inactive, and particularly so 
.against the resistant strain, usually have polar groups and may therefore be 
waylaid by adsorption on polar surfaces en route to them site of action One 
must assume in such case that the resistant strain contains either more, or 
more actively adsorbent, polar surfaces within the cell than the normal strain 
The difficulty with this theory is the experimental observation that many com 
pounds with hydrophilic substituents are highly active (table 1) Moreover, 
"the relatively inactive compounds are actually not bound by the trypanosome 
(table 5), as they would be were they waylaid by adsorption short of the site 
-of action Similarly, the resistant strain binds less of those arsemcals to which 
it is resistant, and normnl amounts of those to which it is normally susceptible 
Phenyl arsenoxides in general are thus active to the degree to which they are 
hound by the cell, and the enormous differences m activity cannot be ascribed 
to then varying distribution on or within the cell 

There may be a single explanation for the varying susceptibility of normal 
trypanosomes to different phenyl arsenoxides, and the generally decreased , 
susceptibility of an arsenic resistant strain to e g ammo- and amide substituted 
■compounds Intrinsically, all phenyl arsenoxides may be identically active, 
i e , with identical affinities for the receptor groups within a given cell species 
The varying activity of different compounds may be determined simply by the 
varying degree to which substituents other than the — AsO group affect the pene- 
tration of the cell by the compound Similarly, a genetic or adaptative change 
in the cell surface could well modify the ease with which certain substituted 
phenyl arsenoxides pass into the interior of the cell, without, however, affecting 
the permeability of compounds with other types of substituent groups, and thus 
result in a selective arsenic resistance such as that here described 

D Some Genetic Aspects of Arsenic-Resistance in Trypanosomes As Yorke 
(3) has pointed out, when arsenic-resistant strains of trypanosomes are produced 
tn intro or in invo by their repeated exposure to increasing concentrations of a 
given compound, several mechanisms seem possible In a bacterial popula- 
tion, there is varying susceptibility to a given drug, and repeated exposure to 
the drug might permit the survival and multiplication only of those organisms 
with an inherently higher resistance A second possible mechanism, and the 
one which Yorke considered probable, is a genetic mutation, presumably stimu- 
lated by the drug, with the production of a new genetio strain 

The present experiments suggest yet a third possibility It is conceivable 
-that spontaneous variations such as that here described may occur in trypan- 
osomes more frequently than now appears to be the case When drug resistance 
is apparently “induced” by repeated exposure of the organisms to a specific 
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arsenical the compound itself may in some instances havo nothing to do "with 
the production of the variant strain Instead, its function may be to act os a 
selective factor which permits a spontaneous van ant to become apparent, by 
lolling off the susceptible organisms with which it is in competition m the host 
and by which it would otherwise be overgrown An analogous course of events 
has been observed m many species of bacteria (19), and Lewis (20) has shown 
the change in such cases to be due to a similar natural selection operating on a 
spontaneous variation. Similarly Luna (20a) has recently concluded on the 
basis of mutant strains that strains of E colt resistant to a bacterial virus 
arise in sensitive strains by mutations which occur Independently of the virus, 
the virus acting only as a selective factor which makes those mutations apparent 
No explanation can be offered for the fact that the spontaneously variant 
strain of T equxpadum hero described was apparently able to overgrow the 
numerically predominant parent strain without the benefit of an extraneous 
selective factor 

There arc several points which, although inconclusive as evidence are con- 
sistent with the above thesis One is the fact that the resistance apparently 
induced by repeated exposure of an organism to a given oompound is not neces- 
sarily specific for that compound but may extend to other and often chemically 
unrelated compounds (6) This is m keeping with the thesis that the resistance 
is not necessarily induced by the compound, but may in some cases reflect a 
spontaneous change m the organism The particular compound is then only 
one of several which hbve the same fortuitous selective action as between the 
original and the variant strains 

The course of events when arsenic resistance is induced by a drug is also 
m keeping with the thesis of a spontaneous variation The available data 
(0) (table 4) indicate that the resistance becomes maximal withm a relatively 
short period after it first becomes demonstrable This suggests the sudden over 
growth of the parent by the variant strain, rather than a stepwise and progres- 
sive increase m. resistance as the result of selection in a population of varying 
susceptibility or ob an adaptatrve change 

Whether arsenic resistance reflects a true genetic mutation, or is the type of 
Variation (Dauermodifikation) described by Jollos (23) which persists through 
many generations but eventually reverts to normal, is an open question The 
fact that no arsenic fast strain of trypanosome has yet been observed to revert 
to normal suggests that the former may be the case. 

SUMMARY 

1 There Is reported the spontaneous development of a strain of T equi 
ptrdum resistant to amino- and amide-substituted phenyl arsenondes and their 
derivatives The circumstances surround mg the development of this strain 
suggest that the change did not occur as the result of selection, but aa a spon- 
taneous variation 

2 The organisms were 5 to 200 times more resistant to ammo- and amide- 
substituted phenyl arsenoxides than was the parent strain and the resistance 
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■n-as observ ed tn mro as well as m vitro Their susceptibility to the unsubsti luted 
phenj 1 arsenoxide, to derivatives with substituents which affect neither activity 
nor toxicity (e g CHj, — Cl), and to acid-substituted phenyl arsenoxides, was, 
however, unchanged 

3 The p-(CH ; )jCOOH phenyl arsenoxide, previously described as a com- 
pound with a fav orable chemotherapeutic index in experimental trypanosomi- 
asis, may be of particular therapeutic value because of its maintained activity 
against this, and perhaps other strains resistant to amino- and amide-substi- 
tuted compounds 

4 The resistant organisms bound far less arsenic than the parent strain from 
solutions of the p-SOiNH; or p-CONHCHjCONHi phenyl arsenoxide, to which 
they were no longer susceptible, but their a ffini ty for unsubstituted phenyl 
arsenoxide and its p-(CH;),COOH or p-Cl denvatn es, to which they were 
normally susceptible, remained unchanged 

5 In the above respects the organism resembled the strain of T rhodesiente 
described by Yorhe, Murgatroyd and Hawking, and rendered arsenic-resistant 
by repeated exposure to arsemcals 

6 Current theories as to the underlying mechanism of this seleetiv e arsenic- 
resistance are discussed It is suggested that the primary factor which deter- 
mines the activity' of arserucals, whether against normal or resistant trypano- 
somes, is the degree to which they are bound by the organisms, and that arsenic- 
resistant strains are modified m the sense that the cell membrane becomes 
less permeable to certain arsemcals It is further suggested that, as in the 
present case, in many instances this change may not be induced by the arsen- 
ical, but may occur spontaneously either as a true genetic mutation, or as a 
temporary variation (Dauermodifikation-Jollos) Under these circumstances 
the suggested function of the arsenical is to make that mutation or variation 
apparent by acting as a selective factor fortuitously toxic to the parent, but not 
to the variant, strain 
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As soon as it became apparent that the synthetic compound DDT might be 
extensively used (1), an investigation was initiated to determine the hazard of 
ingestion Since the compound is practically odorless and tasteless, reasonably 
large quantities could unwittingly be consumed DDT is quite insoluble m 
water but soluble in oils and organic solvents The material used m this inves- 
tigation was either dissolved in com oil or used in the dry powdered state 
Several species of animals and test methods were used to give a broad picture 
of the pharmacologic and toxicologic actions of DDT We were especially in- 
terested in the differences in susceptibility which were manifested both within 
and between species 

Experimental Single dose acute toxicity An attempt was made to deter- 
mine the acute oral toxicity of solutions of DDT on rats, mice, guinea pigs, 
rabbits, and chicks The substance was administered by a stomach tube con- 
sisting of a soft rubber catheter attached to a syringe, with the exception of the 
tube for mice which consisted of a blunt streamlined-tip % 18 needle The 
animals were all maintained on commercial complete rations and given water 
ad libitum The doses were adjusted according to the weight of the animals 
In table 1 are summarized the data thus obtained 

All of these doses were dissolved m com oil and the failure to get high mor- 
tality on the higher doses appears to be due to the large volume of oil given 

Of those animals in which death did not occur, many exhibited typical ages 
of DDT poisoning, namely, anorexia, nervousness, sensitivity to stimuli, and 
fine tremors The results in the above experiments as well as in subsequent 
experiments show that the action of DDT is t ery irregular due perhaps to ir- 
regular absorption 

Attempts were also made to determine the acute toxicity of DDT by routes of 
administration other than bj mouth These experiments consisted of intra- 
muscular and intrapentoneal injections m rats, intrapentoneal injection in 
rabbits, and intrapentoneal and subcutaneous injections in guinea pigs and mice 
Solutions in com oil were used Although typical and persistent signs of DDT 
poisoning were shown in most animals, the toxic doses were found to be higher 
than by the oral route 

1 A portion of the fundii used in this investigation was supplied by a transfer, recoin 
mended by the Committee on Medical Research, between the Office of Scientific Research 
and Development and the Division of Pharmacology of the Food and Drug Administration 
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A few preliminary expenmenta were carried out using a suspension of DDT 
in gum acacia However the quantities required to produce signs of poisoning 
were considerably larger than those when the material was m solution 

From these acute experiments, it Is evident that relatively email doses of 
DDT produce intoxication in small animals, that the dosage-mortality curve is 

TABLE 1 


Dotagt-moriality robo table for acult oral tondly 


AOTUt 

MO 

uriTTitm nm 

Eats 

■rruVlfm. 

140 

a/6 


ISO 

8/6 


220 

4/5 


260 

1/6 


300 

e /16 

Rabbit* 

100 

0/5 


140 

0/6 


ISO 

0/5 


220 

0/6 


250 

0/6 


400 

3/10 

ChloV* 

100 

0/6 


140 

0/6 


180 

0/6 


220 

0/6 


250 

0/5 


300 

0/5 

Mice 

142 

0/10 


200 

1/10 


2S3 

0/10 


329 

0/10 


448 

8/10 


KB 

10/10 


564 

e/io 


796 

e/io 

Girina* plj 

178 

o/io 


224 

8/10 


282 

4/10 


355 

4/10 


447 

2/20 


M2 

8/20 


flat, that is both deaths and survivals occur over a wido range of dosage that 
rata and mice are more sensitive to DDT in single doses than guinea pigs and 
rabbits and that DDT m solution produces ton city more readily than DDT 
in suspension 

Subacute feeding experiment Since DDT is insoluble in water since it acts 
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irregularly in single doses, and since the effects of short term exposure in several 
species were desired, a number of subacute experiments were earned out These 
experiments mcluded subacute feeding to rats, paired feedmg to rats, subacute 
feeding to guinea pigs, mice, and chicks, and forced feedmg for short penods 
to rats, mice, and rabbits In addition to these, other feedmg experiments were 
earned out on dogs and monkeys, and some investigations into the mode of 
action of DDT were made and will be reported later 
After several trials to find a tolerated dose, four groups of rats, six males and 
six females in each group, were fed 0 0% (control), 0 025%, 0 05%, and 0 10% 
respectively of powdered DDT in the diet White rats raised in this laboratory 
were placed on experiment at the time of weaning in such a way that litter 
mates were randomized among the four groups Body weight and food con- 
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Fig 1 Survival Times ov Rats Fed Diets Containing DDT Powder 


sumption were noted at weekly intervals Water and food were consumed ad 
libitum Seieral animals on the high level exhibited typical DDT symptoms 
after a few days, and some animals died The remaining animals appeared to 
recover and except for a reduced food intake seemed quite normal However, 
after varying penods of tune, the rats on this level again developed nervous 
symptoms which grew progressively worse until the animals died Animals 
dying or found dead were autopsied and tissues saved for microscopic examma 
tion Figure 1 is a survival chart for the animals on this experiment It mil 
be noted that survival appears to be affected on the 0 1% and the 0 05% levels, 
but not on the 0 025% level The most common pathological findings were 
slight to moderate liver damage which vaned, appealing as focal necrosis, 
atrophy, hydropic degeneration or a combination of these, occasional testicular 
atrophy, and some degeneration in the thyroid 
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In tins experiment, it at first appeared as though the rata were developing a 
tolerance to DDT However, when the food intake per kilogram body weight 
per day is calculated and plotted against age, as shown in figure 2 it is obvious 
that the amount of DDT consumed per kilogram per day becomes progressively 
lees with age This phenomenon may account for tho apparent tolerance 
DDT was fed to guinea pigs in dietary levels of 0 1% and 0.05% by mixing 
a sufficient quantity of a 2% com oil solution with whole commercial rabbit 
pellet ration Ten guinea pigs were started on each level and ten guinea pigs 
were fed a control diet containing the corn oil alone mixed with the ration. 
The guinea pigs ate the whole pellets so that although the DDT only coated 
tho outside of each pellet, the net result was the same as if the insecticide had 
been mixed throughout each pellet The guinea pigs were of a heterogeneous 
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commercial supply predominantly males and were started on experiment at 
approximately three months of age In table 2 is hated the survival times of 
these animals m weeks The experiment was terminated after 26 weeks The 
picture in tho guinea pigs is partially obscured by a benign infection which oc 
curred throughout the experimental and control groups. The Infection resulted 
in large walled-off globular abscesses and all guinea pigs showing these were 
sacrificed However the guinea pigs on the 0 1% level were definitely affected 
and four early deaths m the group were observed In general the guinea pigs 
consumed approximately as much DDT per kilogram body weight as did the 
rats and therefore appeared less sensitive The pathological lesions were similar 
to those found In the rats but not as striking 
It had been observed that the rats receiving DDT in the diet were hyper 
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irritable and often exhibited fine tremors At the same time these animals 
consumed slightly less food than the controls Therefore, a paired feeding 
experiment wasf earned out to see whether the DDT rate being more lmtable 
used up more energy and consequently gamed less weight than the controls 
Eight pairs of male and eight pairs of female rats were placed on experiment at 
time of weaning m such a way that one member of each pair received 0 05% 
m the diet of DDT dissolved in com oil mixed with the food, while the other 
member received a control diet to which the same amount of com oil alone had 
been added The food intake for each member of each pair was restneted to 
the amount that the animal eating the least would consume in a dav Neither 
animal was allowed to eat ad libitum The initial and final weights are pre- 
sented in table 3 The experiment was terminated after 11 weeks 

TABLE 2 


Individual survival lime of guinea pigs fed DDT 


contxoz. 

0 05% 

o i % 

25 wke * 

25 

25 

25 

25 

25 

25 

24 

25 

20 

22 

25 

10 

20 

25 

15 

1 15 

21 

16 

14 

7 

15 

13 

3 

11 

13 

1 

6 

11 

1 


* Experiment terminated after 25 weeks 


From these data, it does not appear that the feeding of 0 05% DDT to rats 
significantly slows the growth rate although the averages do fall in that direc- 
tion 

Thirty chicks weighing 57 to 79 grams were divided into three groups of ten 
These groups received 0 05%, 0 10%, and 0 0% (control) respectively of DDT 
powder mixed into a chick starting mash In the acute toxicity experiments, 
the chicks had appeared quite resistant to DDT, however, all of the chicks on 
the 0 1% level died in from 3 to 10 days and those on the 0 05% level died m 
from 4 to 16 days The microscopic pathology, a little complicated because of 
the fact that the diet was adequate for starting but not for growing chicks, was 
not striking Many of the animals exhibited characteristic DDT tremors and 
in addition appeared to be unable to move voluntarily In the initial stages of 
the poisoning, the experimental chicks would cower in the back of the cage while 
the controls would run excitedly around their cage 

Mice were fed commercial rat food biscuits coated with a com oil solution of 
DDT such that each diet contained 0 05%, 0 025%, and 0 0125% DDT How- 
ever, the mice ate the more concentrated DDT coating of the pellets aDd con 
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sequentiy received more than these levels -of DDT AD mice fed these pellets 
died in from 1 to 6 days 

Rats, mice, rabbits, and guinea pigs were force-fed orally about 50% of the 
estimated LD60 of DDT in oom oil daily for varying periods of time These 
animals were then sacrificed for microscopic examination of the tissues A 
complete description of the pathological findings on all animals fas reported 
elsewhere (2) 

Discussion DDT m relatively small doses can produce signs of ton city 
in several species of animals These signs vary m intensity with the species, 
with the individual animal, and with the dose of the material, but usually follow 
a definite pattern The animal first becomes hyperirri table, and decreases 


TABLE 3 

Pcdrtd fading in rati 


ax 


trncilt 

"*“**»» 

Control 

E*p*rfa»mtil 

Caatrol 

ExpcHmital 

Male 

39 

36 

307 

380 


38 

38 

278 

281 


43 

44 

206 

338 


38 

40 

325 

209 


38 

40 


Died after 1 week 


41 

30 

290 

290 


33 

40 


Died alter 4 week* 


40 

42 

295 

285 

Femal > 

32 

S3 

200 

195 


40 

41 

220 

219 


36 

38 

178 

166 


40 

38 

ICO 

175 


38 

38 

106 

180 


36 

38 

207 

215 


32 

30 

215 

170 


38 

38 

194 

220 


Animal* exhibited characteristic DDT poisoning nervous symptoms 


food consumption. The hyperim table stage progresses to fine tremors that 
become more marked by a stimulus such as striking the cage After this stage 
tho animal sometimes becomes depressed and often shown inability to carry 
out voluntary movements. Death usually occurs at this point, but recovery 
results if the animal only reaches the stage of fine tremors. The tremors are 
sim i l ar to those seen in phenol poisoning but can be strengthened by noise 
itlmuh 

Characteristic also in DDT poisoning is the wide variation in individual 
susceptibility Some animals appear to thrive on doses that are twice those 
producing death in other animals. Whenever such wide variation in suscepti 
bilitj occurs It becomes very difficult to estimate the level which would only 
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infrequently cause signs of toxicity The material is practically odorless and 
tasteless so that it becomes even more hazardous since no “warning” is given 
There appears to be one safety factor, however, in the affect on the appetite 
This affect is usually the first sign of toxicity 

SUMMARY 

DDT, a synthetic insecticide, is acutely toxic by mouth to small laboratory 
animals (rats, mice, guinea pigs, rabbits, and chicks) m doses ranging from 160 
to 760 mgm /kgm Acute doses may produce anorexia, tremors, depression 
and death 

DDT is capable of causing subacute toxicity when given m small amounts 
in the diet for penods of from 3 days to 20 weeks Definite signs of toxicity 
are produced by levels m the diet of 0 05% (600 ppm ) for rats and mice, 01% 
for guinea pigs, and less than 0 05% for growing chicks 

Characteristic of DDT poisoning is the wide variation m individual suscepti- 
bility, making the estimate of a safely tolerated dose extremely difficult 
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Although Leidler (1) reported the synthesis of DDT as early as 1874, the 
knowledge of the efficacy of this compound as an insecticidal agent ia the result 
of relatively recent entomological research (2) 

The suitability of DDT preparations for cutaneous application in the treat- 
ment of lice infestations and scabies and the posable haiard of unavoidable 
contact in the handling of other preparations of DDT could only be established 
following a toxioological investigation of the don penetration of this agent. 

Wo have studied eighteen preparations containing DDT either as simple 
mixtures with bland powders, or in combination with other lonaicidal agents 
repellents, surface active agents and various solvents. In order to restrict this 
paper to the toxicology of DDT following cutaneous applications only such 
data as pertain to DDT per se and incorporated in a bland non toxic, diluent 
powder as well as data on solutions of DDT in organic solvents are presented. 
For information concerning the toxicity and pathological findings resulting from 
DDT following other routes of administration, reference should bo made to 
several papers submitted for publication (3-S) 

Exfmimewtxu Tedmiqua The toil city studies Involve four different procedure* 
namely acute two type* of subacute (8 week* and 00 day*) and aenaltiaation experiment* 
The technique* involved in the individual type* of experiments are given in detail else- 
where (0) 

Briefly the method for tbo at tidy of the acute toxica tie* of liquid preparations involve* 
the u*e of a soft rubber cuff « ha pod In the form of a girdle fitted mu fly around the trunk 
of the animal Tbo subject U prepared by dipping the akin free of hair in the area for 
exposure and In some of the animal* the akin i» further prepared by making epidermal 
abrasions longitudinally over the area 2 cm. apart The experimental subject ia placed 
In a comfortable but ImmobtUred position In a i pedal animal holder (10) Tho dote ia 
admlnlatered on a body weight basis and la introduced under the cuff The cuff a are con 
atrieted at each end and are aulDdently flared in the middle to retain the do#e without 
pressure Circulation of the doee around the area of exposure la thui permitted Ex 
poaure* are for penoda of 24 hours following which the animal a are placed in metabolism 
cages and observed for a minimal period of two weeks. The akin reactions during and 
following exposure are noted Clinical symptoms of poisoning and blood morphological 


1 A portion of the fun da used In thla Investigation was supplied by a transfer recom- 
mended by the Committee on Medleal Research, between the Offioe of Scientific Research 
and Development and the Division of Pharmacology of the Food and Drug Administra 
tion. 
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changes, if any, arc recorded, and routine chemical tests on blood and unne are done 
Body weights are recorded daily and the food intake noted Severely poisoned animals 
are sacrificed for histological examination of their tissues 

In the case of both the short and the longer (90-day) subacute experiments the subjects 
are inuncted dady with given doses of the agent The selection of the sue of the dose 
depends on tho results obtained in the acute exposures The same general observations 
and tests ore made as in the case of the animals in tho acute exposures above In the sub- 
acute experiments, however, emphnsis is placed on the cntena which indicate gradual 
impairment of normal physiological action, such as special tests for liver and kidney func- 
tion, changes in blood morphology, anorexia, loss in weight, etc The tissues of all 90-day 
animals are examined histologically 

Tests for potential sensitization are made on the guinea pig using a slight modification 
of the Landsteiner technique (II) 

Primary irritation is determined m the rabbit using a patch test technique on both the 
intact and abraded skin (0) 

Acute Experiments The first DDT preparation submitted for toxicological 
study was a powder of the following composition 

DDT 5% 

Talc 95% 

Acute toxicity tests were made on a senes of six rabbits weighing approxi- 
mately 3 kgm each Each animal was exposed to a dose of 4 grams of the 
powder per kgm Neither the dry nor the wetted powder (physiological saline) 
caused symptoms of toxicity A very mild eiythema was noted m both intact 
and abraded skm 

Since the 5% powder failed to produce symptoms of toxicity, undiluted DDT 
powder at a dosage level of 4 gms /kgm was applied to a senes of six rabbits 
prepared m the usual manner for acute exposure No symptoms of toxicity or 
of skm untation were noted In this exposure to DDT in the solid form, 
absorption was not sufficient to elicit symptoms of poisoning 

In a similar acute experiment a 10% solution of DDT in com oil was applied 
at dosage levels of 390, 600 and 940 mgm of DDT/kgm Although this solu- 
tion was well absorbed these animals did not exhibit any symptoms of toxicity, 
but there was a mdd skm erythema which persisted approximately two days 
beyond the penod of exposure 

Since the acute experiments mentioned above failed to produce symptoms 
of toxicity, it was decided to determine whether or not solutions of 
DDT in other organic solvents might prove as innocuous Both the dimethyl 
and dibutyl esters of phthahc acid are good solvents for DDT Accordingly 
30% and 25% solutions of DDT in dimethyl and dibutyl phthalates respectively, 
were prepared In the acute exposures by cuff, doses of 3 9, 6 0 and 9 4 cc /kgm 
were employed for each solution to senes of six rabbits each In the case of the 
dimethyl phthalate solution, these doses represented 1 17, 1 8 and 2 82 grams 
of DDT/kgm , whereas with the dibutyl phthalate solutions it represented 
0 975, 1 5 and 2.35 grams of DDT/kgm respectively No deaths were obtained 
at any of the dosage levels, but all animals exhibited symptoms of DDT poison- 
ing, being very severe at the 9 4 cc /kgm dosage level In all cases the doses 
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were poorly absorbed, approximately 25% of the largest doses remaining in the 
cuff following tho 24-hour exposure The animals exhibited anorexia, body 
weight loss hypcrcxcitability, and nervous tremors Clonic convulsions were 
noted In tho animals on the highest dosage levels. These latter subjects re 
mnmed m verj poor physical condition for several days and were sacrificed for 
the histological examination of their tissues 

Short Subacute Experiment In this experiment, 0.5 cc of a 5% suspension 
of tho above powder m diethyleno glycol monoothyi ether (carbrtol) was ap- 
plied dailj for three weeks to a 2 j> cm * area of the back of each of six albino 
rabbits. A mild erythema restricted to the area of application was noted during 
the second week of application A retest application after one week had elapsed 
following the threo- week treatment did not indicate a senritixation. 

Ninety Day Subacute Experiment. Tho primary object of toxicological ex 
penmenta on louncides or insect repellents is tho determination of the given 
agents 1 safety for use The daily application by m unction of a wide range of 
doses to various species of laboratory animals should yield information on (a) 
tho serventy and nature of the systemic poisoning, clinical manifestations, etc 
(b) the degree and nature of damage m parenchymatous organs (o) the prog- 
nosis for recovery from tho damage observed, and (d) the direct effect on the 
skm The proper appraisal of these factors are important aids m the dotorml 
nation of safety It is the object of the longer subacute experiments to furnish 
tho major portion of tho data for the appraisal of the safety of a given com 
pound 

The rabbit rat, guinea pig and dog have been used for the 90-day experiments 
The solution used was a 30% solution of DDT in dimethyl phthalate The 
rabbits rats and guinea pigs were inuncted at dosage levels of 160 300, 000 
and 1200 mgm. of DDT/kgm and the dogs at levels of 300, 600 and 1200 
mgm of DDT/kgm The results of these experiments, except the data on dogs, 
are summamed m tables 1 2 and 3 

The dogs completed the 90-day experiment without exhibiting any symptoms 
of toxicity The tissues of these dogs were e xa m in ed histologically 

Grose pathological examination of the dogs inunctod for 90 days showed no 
changes attributable to the DDT Microscopic sections were made of about 
25 samples of tissue from each animal Sudan IV stains for fat In froren sections 
of the liver and kidney were made in addition to the routine paraffin sections. 
These sections were negative except for those of the liver and poseibly those of 
the gall bladder In two dogs the hepatic cells were moderately vacuolated 
the vacuoles bemg small and large single and multiple- In one of these there 
was a slight, rather acute pericholangitis and very alight periportal atrophy 
in the other the centrolobular hepatic cells stained less deeply than the periph 
oral, and contained a moderate number of cytoplasmic oxyphilic hyaline globules 
Two other dogs showed minimal degrees of similar hepatic cell vacuolation 
one of these also had slight centrolobular atrophy The remaining dog showed 
slight hydropic change of tho more usual type, with diffusely rarefied hepatic 
cells cytoplasmic hyaline globules were also present, but smaller and fewer 
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than m the other dog in which they were seen Sudan IV stains on all of these 
livers showed the hepatic cells devoid of fat except for a very small amount m 
the periportal areas of one dog , this dog and one other also had small amounts 
of fat in the portal macrophages Mononuclear cell infiltration of the lamina 


TABLE 1 

The daily inunction of S0% DDT tn dimethyl phthalatc tn rabbitt 


xabbjt 

MO 

tzx 

•WEIGHT 
AT tTAK 

or rx 
Hannan 

DOTE W 

cc. or 
soumow 
■ m rear 

snrrroirt observed 

MUAM3 

1^19 

Male 

JTOIBi 

2626 

4 0 

Anorexia from first dose, 

Sacrificed after 6th dose for 

1620 

Mole 

2205 

4 0 

muscular tremors, hyper- 
exoitability 

Anorexia from first doBB, 

histological examination , 
monbund Weight loss of 
840 gTams 

Death after 6th dose 

1621 

Male 

2780 

4 0 

muscular tremors, hyper- 
excitability 

Anorexia from first dose, 

Weight loss of 660 grams 

Death after 0th dose, 

1622 

Male 

2390 

1 2 0 

muscular tremors, hyper- 
excitability 

Anorexia from first dose,l 

weight loss of 860 grams 

Death after 8th dose, 

1623 

Female 

2820 

2 0 

muscular tremors, hypor- 
! excitability 

Anorexia from first done, 

weight loss 780 grams 

Sacnficed after 5th dose 

1624 

: 

Male 

i 

2400 

2 0 

| muscular tremors, hyper 

exoitabdity 

Anorexia from first dose, 

Monbund Weight loss of 
705 grains 

Sacnficod after 6th dose 

1626 

Male 

2370 

1 0 

muscular tremors, byper- 
excitability 

Nervous tremors and mild 

Monbund Weight loss of 
470 grams 

Survived 90 days Weight 

1626 

Male 

2640 

1 0 

anorexia after firse dose 
Nervous tremors and mild 

loss of 65 grams 

Death after 14 doses 

1527 

Malo 

2070 

1 0 

anorexia after first dose 
Nervous tremors and mild 

Weight Iobs of 605 grams 
Death after 10th dose 

1528 

Female 

2560 

0 5 

anorexia after first dose 
Slight nervouB tremors 

Survived 90-day expen- 

1629 

Male 

2680 

0 6 

after 6th dose, alight 
anorexia 

Slight anorexia after third 

ment Weight gain of 
725 grams 

Sacnficed for histological 

1630 

Female 

2480 

0 5 

dose Slight nervous 
tremors after 6th dose 

Slight anorexia after 6th 

examination after 45th 
dose Monbund, weight 
loss of 790 grams 

Death after 33rd dose 




dose 

Weight loss of 1195 grams 


propna of the gall bladder was present m somewhat greater degree than or- 
dinarily seen in our dogs, and might well have been an accompaniment of the 
mild hver damage Lung, heart, spleen, kidney, pancreas, lymph nodes, 
stomach, small intestine, colon, adrenal, genital organs, thyroid, parathyroid, 
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akin and (in one animal) the nervous system and voluntary muscle showed no 
changes attributable to DDT 

By this procedure the rabbit, rat and guinea pig are approximately equal!} sus 
ceptible to DDT poisoning It is evident from these experiments that wide in 
dividual variations to poisoning existed m a given animal species. Deaths 


TABLE 2 

Thi daily inunction of 90% DDT in diwtdhyl phtiialate in roll 





wucurr 

AX BE 

■ ujjjj at dcd or 




ai-/rcv. 

1 Of IX 

rts o* Wat* nr dwccatxh 





ftimt 

p*mt 


1 

Male 

4 

255 

IBS it dnth 

Severe tremor* following first dose 
died after 10th inunction 

2 

Male 

4 

305 

277 at death 

Severe tremor* following first doee 
died after 6th inunctioo 

3 

Female 

4 

215 

160 at death 

Severe tremor* following 2nd doee 
died after 5th Inunction 

4 

Male 

2 

333 

240 at death 

Moderate tremors during first 5 
doee* subsequent severe tremors 
to death died after 8 inunotlon* 

5 

Male 

2 

275 

234 at death 

Moderate to severe tremors after 
2nd doee Died after 30 Inunctions 

6 

Milo 

2 

316 

230 at death 

Blight tremor* after first inunction 
died after 6 inunctions 

7 

Male 

1 

290 

232 survived 90- 
day experiment 

Slight tremor* after first doee ex 
hlblted eevere tremors with ap- 
parent recove no* during the 
90-day period 

8 

Male 

1 

345 

241 at death 

Slight to moderate tremors after 
first doee died after 49 inunctions 

9 

Male 

1 

270 

316 lumred 90- 
day experiment 

Slight tremor* in first week of ex 
periment several periods of severe 
tremors with apparent recoveries 
during the 90-day experiment 

10 

Male 

0 6 

MO 

451 survived 90- 
day experiment 

No symptoms of toxicity daring the 
90-day experiment 

11 

Male 

0 5 

275 

320 survived 90- 
day experiment 

\ ery slight tremor* during 3rd week 
of experiment No symptoms 

after the 6th week of Inunctions 

12 

Female 

0 6 

253 

197 at death 

Tremors following 8th inunction 
Died after 10th dose 


occurring in these three species after 30 or more inunctions were invariably the 
result of secondary infections It appears that the anorexia, and the general 
condition of emaciation which follows as a result of DDT intoxication seriously 
impairs the subjects resistance to infections. 

Examination of the blood of animals at various intervals during the expen 
ment did not reveal any eenous anemias except m the subjects at the point of 
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death There was a moderate leukocytosis, with a definite increase in the per- 
centage of heterophiles When a 60 per cent increase of heterophiles occurred 
prognosis was never favorable The report on the pathology observed m these 
animals is given m another paper (7) 


TABLE 3 

The daily inunction of S0% DDT in dimethyl phthalatc in guinea pigi 


orattA 

no ho 

BEX 

rtosz 

WEIGHT 
AT BE 
GDOTOtO 
or ex 
feumew 

WEI GOT AT T3W 07 

ExrrxonHT o* or 
mot DEATH IF OOnCATEl 
I 

KOUUI 



cc*/kgm 

tramt 

l rami 


i 

Male 

4 

371 

316 at death 

Slight tremors after 3rd dose, died 
after 4 inunctions 

2 

Male 

4 

347 

294 at death 

Moderate tremors following 3rd in- 
unction, died following 6th dose 

3 

Male 

4 

320 

2S0 at death 

Slight tremors following first inunc- 
tion, died after 2nd inunction 

4 

Female 

2 

340 

274 at death 

Slight tremors following 6th dose, 
died after 12 inunctions 

5 

Malo 

2 

316 

244 at death 

Slight tremors following 9th doee, 
died after 29 inunctions 

6 

Mole 

2 

200 

285 at death 

Slight tremors following 4th dose, 
made slight eteady weight gain 
until 3 days pnor to death, died 
after 44 inunctions, no symptoms 
of toxicity 

7 

Female 

1 

316 

330 at death 

No symptoms of toxicity, made 
slight weight gains until 3 days 
prior to death Died after 65 in- 
unctions 

8 

Female 

1 

343 

467 survived 90- 
day experiment 

No symptoms of toxicity exhibited 

9 

Male 

1 

298 

560 survived 90- 
day experiment 

No symptoms of toxicity exhibited 

10 

Male 

0 6 

284 

242 at death 

N o symptoms exhibited except slight 
body weight loss, died after 27 
inunctions 

11 

Female 

0 5 

395 

362 survived 90- 
day experiment 

No symptoms of toxicity Made 

steady but slight weight gains 
through 10th week followed by 
weight loss at end of experiment 

12 

Female 

0 5 

296 

293 survived 90- 
day experiment 

Slight eteady weight gams first 
nine weeks of experiment and 
steady weight loss during balance 
of experiment 


Smsituatum Experiment The intracutaneous injection technique in guinea 
pigs gave the results summarised in table 4 DDT caused a mild but definite 
sensitization m the guinea pig 

Primary Irritation Tests for primary irritation were conducted on two 
senes of 6 albino rabbits The results of the tests for the 6% DDT powder and 
for the 30% DDT solution in dimethyl phthalate are given in table 5 
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In the case of the 30% DDT solution m dimethyl phthalate a mild degree of 
primary irritation was obtained 

Patch tests in humans and the dailj contact of hands of operators rvith 
30% solution of DDT in dimethyl phthalate produced no evidence of irritation 
Discussion The exposure to relatively large doses of undiluted DDT in 
powdered form produced no symptoms of poisoning in animals with either intact 
or abraded skin The DDT in powdered form Is poorly absorbed and in this 
form is non-irritating to the skin Solutions of DDT, on the other hand in a 
non irritant solvent such as dimethyl phthalate were absorbed by both the 
intact and the abraded akm and caused severe poisoning. In acute exposures 
by cuff (in which the gentle pressure of inunction was not a footer) a 30% solu 
turn of DDT in dimethyl phthalate is poorly and slowly absorbed. In the sub- 


TABLE 4 

StmiHtaiwn in p*iiua pig* «n(A DDT 


rntt BiAMjro 

mtn njunro 

mm 


0x8 

1 x 20 

J*6 

1 x 15 

0x0 

1 x 15 

0x0 

Ox 10 

0x0 

i x 15 

0x0 

1 x 12 

Sum } X 8 

21 x 03 

Ar«r*Ke 0 06 x 1 53 

0 43 x 15 5 


TABLE 5 

Primary t rritaHon af DDT pnparaiiom in tk t rabbii 



mm 

A „ inTn 

rouo* to* 


am 

mi 

fix iMmi idvalm 

DDT 30% In dimethyl phthalate 

2 5 

5 8 

4 1 

DDT 5% In Ulc 

0 0 

0 8 

0 4 


acute experiments involving inunction the animals except the dogs receiving 
1200 and 600 mgm /kgm. survived but 0 to 8 doeea prior to death. On the 
higher dosage levels the an imals exhibited an immediate severe anorexia, body 
weight loss, hypercxcitabilit> and the typical nervous tremors leading to clonk 
convulsions Animals surviving the lower dosage levels made apparent re- 
coveries after early symptoms of poisoning, but became emaciated and are easy 
prey to secondary infections 

The guinea pig was as susceptible to fatal poisoning os the rat and rabbit, 
however, it did not exhibit the tremors as early in the stage of poisoning nor 
were the tremors as marked in these animals on the lower dosage levels. The 
dog was definitely less susceptible to poisoning from cutaneously applied DDT 
solutions. 

The most pronounced change m blood elements was a moderate leukocytosis 
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In severely poisoned animals there was a marked mcrease in the percentage of 
heterophiles The animals died shortly after a 60 per cent mcrease m hctero- 
philes was noted 

Solutions of DDT are mildly irritating to intact and abraded skm No irri- 
tation was noted from powdered DDT when apphed by patch tests, or on the 
hands of operators who have had almost daily contact with it during the past 
year 

Various toxicological experiments with eighteen preparations of DDT indi- 
cate that DDT in the sohd form appears safe for use m preparations intended 
for topical apphcation to the skm From solutions DDT is absorbed and is a 
severe systemic poison, however, a number of preparations submitted to 
us containing DDT m concentrations up to 5% have proven safe for limited use 


CONCLUSIONS 

1 The apphcation of powders containing 5% DDT to the skm produced no 
evidence of systemic toxicity or of primary irritation 

2 Solutions of DDT m dimethyl phthalate are absorbed by both intact and 
abraded skm 

3 Solutions of DDT cause a mdd but definite sensitization m the guinea pig 

4 The inunction of doses as low as 0 5 ml of a 30% solution of DDT per 
kgm /day (150 mgm /kgm /day of DDT) to rabbits, rats and guinea pigs may 
cause death in some cases after 30 days 

5 In the animal species tested there were wide individual variations in sus- 
ceptibility 

6 Affected animals exhibited anorexia, severe weight loss, hyperexcitabihty, 
nervous tremors leading to dome convulsions Emaciated animals became easy 
prey to secondary infections 

’ 7 Severely poisoned animals exhibited a moderate lukocytosis with a char- 
acteristic mcrease m the percentage of heterophiles 

8 The above data indicate that the unlimited use of DDT solutions on the 
alrm is not free of danger, however, some solutions of DDT have been found 
safe for restricted use 

REFERENCES 


(1) Leidler, 0 , Ber , 7 1180, 1874 

(2) Annand, P N , J Econ Ent , 37 125, 1944 

(3) Woodard, G , Neiaon, A A , and Calvert, H O , This Journal In press 

(4) Ftwhuqh, O G , Woodard, G , Smith, R B , Jr , and Calvert H 0 , (Unpublished 


studies) 

(5) Draiie, J H , Woodard, G , Fitihuoh, O G , Nelson A A , Smith, R B Jr., 

and Calvert, H O , Chemical and Engineering News, !2 1503, 1944 

(6) Smith, M I , and Stohman, E F , Public Health Reports, 69 984, 1944 

(7) Nelson, A A , Draiie, J H , Woodard, G , Fitihuoh, O G , Smith, R B , Jr , 

and Calvert, H O , Public Health Reports, 69 1009, 1944 

(8) Lillie, R D , and Smith, M I , Public Health Reports, 69 979, 1944 

(9) Draiie, J H , Woodard, G , and Calvert, H O , This Journal, submitted for 

publication 

(101 Laug E P , J Lab A Clin Med , 29 308-11, 1044 

(11) Landsteiner, K , AND Jacors, J , J Exptl Med , 61 643-656, 1935 



STUDIES ON VERATRUM ALKALOIDS 


VI Proto veratrine Its Comparative Toxtcmr and Its Cirotjlatobt 
Action 1 
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From tkt Department of Pharmacology Harford Medical School Boeton 
Received for pubUextioc Au*u*t fi l&H 

Protoveratrinc was first isolated by Salzberger (1) from Veratrum album 
Further chemical studies by Poethko (2, 3) revealed that it is a tnacyl ester of 
the alkamine protoverme and that the three acids In combination with proto- 
verine are acetic acid, methylethyl acetio add, and methylethyl glycolic add 
According to Craig and Jacobs (4) and Jacobs and Craig (6) the empirical 
formulae of protoveratnne and protoverme are Cj»H»iOiiN and Cj 7 TInO»N 
respectively 

From the alkaloid mixture of Veratrum album various other alkaloids have 
been isolated the ester alkaloids germerine and protovaratndine and the alka 
mines genuine jervlne, rubijervine, and peeudojemne while the bulk of the 
crude alkaloidnl matenal still remains to be identified (2 3, 6) Gennenne is an 
ester of genuine and the two acids methylethyl acObc acid and methylethyl 
glycolic acid whOe protoveratridme, a degradation product of germenne (3) 
is an ester of genuine with methylethyl acetic add 
Jcrvme was first isolated from Veratrum album and crystallized by Simon (7) 
in addition to jervme Wnght and Luff isolated peeudojemne and rubijervine 
(8) That jervme was present in Veratrum vinde was proved by Mitchell (0) 
and confirmed by Wnght (10) who found peeudojemne and mbijervme also 
m this species of veratrum Smferle (11) has recently made a chemical study 
of the alkaloids of Veratrum vinde and was able to isolate for the first time 
protoveratndino and germino and to confirm earlier studies on jervine rubi 
jervme and pseudojervme His data suggest that an ester alkaloid like ger 
rnerme was present, while no evidence was found for the presence of protovera 
trine m his sample of Veratrum viride 

Like cevmo and protenenne the alkamincs genuine, jemne, and rubijervine 
are Cj7 compounds and all these hlkammes appear to be related to tho solan um 
alkaloids, which have been recognized as sterol alkaloids (12) As far ns the 
sterol nucleus is concerned the -veratrum alkamines therefore, are related to 
the aglucones of the cardiac glycosides 
The first pharmacological study of protoieratnnc was conducted bj Eden 
(13) using the lactate or sulfate of Salxberger 8 substance He recorded the 
toxic effects m frogs and in normal mammals (rabbits cats, and dogs) and the 
circulator} effects m these three species of mammals under ether anesthesia and 
curare A comparison of the action of protoveratnne and cevadinc upon the 

1 Part of the ciponse of thJ« work was defrayed by a crant from the Ella Sacha Plots 
Foundation 


167 



168 


OTTO KRAYER, GORDON K MOE, AND RAFAEL MENDEZ 


frog heart was made by Boehm (14), using Straub’s technique In a few ex- 
periments Haas (15) used the protoveratnne of Poethke to compare its effect 
■with that of germenne, protoveratndine, and genuine noth regard to its toxicity 
in frogs and in rats 

The present investigation was undertaken to study the toxicity of protovera- 
trine in comparison with that of other chemically well-defined alkaloids of the 
veratrum senes and especially to investigate the circulatory action of proto- 
veratnne with a view to comparing it with veratndme m regard to such effects 
as the inotropic action on the heart and the action upon circulatory reflexes 
which only recently have been given proper attention 


TABLE 1 


AUCALQID 

ANALYSIS 

ROTATION 

MElTDro POINT 


C 

H 

Protovera- 

tnne 

01 60 

7 94 

Md “ — 8 5° (c — 1 99 m chloro- 
form) 

Decomposes at about 
273° (unoorr ) after 
discoloration 

Protovenno 

01 45 

8 3 

MS — —13° (c — 0 86 in pyn- 
dme recalculated 
for dry substance) 

Softens to a resin at 
195-200° 

Germine 

03 21 

8 67 

No rotation taken 

Melts to a resin at 168- 
171° 

Cevine 

63 21 

8 59 

No rotation taken 

Melts, not sharply, to a 
resin at 170-175°, de- 
pending somewhat on 
the rate of heating 

i Jervine 

76 02 

9 34 

Md ** —163° (c — 0 99 in ethanol 
recalculated for dry 
substance) 

230-239° 

Rubijervine 

78 29 

10 66 

Md — +18° (c — 1 01 in ethanol) 

240-242° 


We were fortunate in obtaining pure alkaloids of Veratrum album through 
the generosity of Dr W A Jacobs (16), who put at our disposal the data as- 
sembled m table 1 concerning the properties of his substances 
The veratndme used in the toxicity tests was prepared by Linstead and 
Todd (17) 

Methods For an evaluation of the comparative t-oncity white mice of both sexes 
weighing from 15 to 30 grams were used Groups of six a nim als were injected with each 
dose Injection was always made into a tail vein in a period of exactly ten seconds, and 
the strength of the solutions was adjusted so as to contain the total dose m a volume of 
0 1 to 0 4 cc Protoveratnne, veratndme, cevme, genuine, and protovenne were dissolved 
in molecularly equivalent amounts of hydrochlonc aoid, buffered to approximately pH 
7 0 with sodium bicarbonate, and injected as a solution of the hydrochlonde m 0 9% sodium 
chlonde Jervine and rubijervine were dissolved m a Bmall amount of glacial acetic acid, 
buffered to approximately pH 6 with sodium bicarbonate, and injected as the alkammo 
acetate , 

The experiments on the isolated frog heart were performed between September ana 
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November 1043 The hearts were taken from Ram pipwnj and were either isolated ac- 
cording to Btraub or perfused from the venous aide using the technique described by BQl- 
bring Clark a solution waa uaed For details aee (18) 

Seventeen experiment* on the denervated heart-lung preparation were performed 
Defibnnated blood was uaed The dog* weighing between 7 and 15 kgm were anesthe- 
tized with nembatal * 85 mpn. per kgm For further detail* of the method* need aee (19) 

Tbe innervated mammalian heart wa* uaed in aevtn experiment* two of these were 
heart-lung bead preparation* and in the other five perfuaion of the head wa* established 
from a donor dog Dog* weighing from 9 to 12 kgm were uaed for the heart-lung prepara- 
tion The donor dogs for the bead perfuaion weighed between 17 and 21 kgm. The blood 
for both circuit* wa* heparinized * The head including the carotid (firm* area* was con- 
nected with the heart lung circuit by nervous pathway* only the efferent fiber* being 
represented by tbe vagia and aympathetic nerve* The method* of preparation and 
recording have been described in detail in earlier communication* (20 21) Nembutal 
wa* used a* an anesthetic, agent in six experiment* only one of tbe head perfuaion ex peri 
ment* wa* made under ohloralose 0.00 gram* per kgm 

Changes in arterial blood flow were studied In the femoral arteries of seven dogs using 
differential manometer* adapted from the method of Flelsch (22) and attached to arterial 
cannolae as previously described (23) 

Tbe mechanism of vagal block in the dog wa* studied in six ■nlnrU under nembutal 
anesthesia. Both vagi were eectioned, and stimulating electrodes attached to a Harvard 
Induetorium were fixed in position on the peripheral segment of tbe right vagus nerve 
Stimulation wa* accomplished by means of rhythmic make and break shock* at a frequency 
of about 160 per minute timed by the oscillation* of a metronome Blood pleasure wa* 
recorded from tbe left carotid artery with a mercury manometer and heart rate with an 
electrocardiograph In four experiment* injection* of acetylcholine or acetyl-betamethyl 
choline were made Into the superior vena cava through a cannula in the right external 
Jugular vein 

Tbe study of the release of epinephrine from the suprarenal gland* under the influence 
of protoveratriuo was carried out in dogs and in cats In two dogs blood wo* withdrawn 
from tbe suprarenal vein before and during the blood pressure rise resulting from a dose of 
protov* ratline The blood was then tested for its epinephrine-like action on the isolated 
strip of the amall_ intestine of tbe rabbit using the arrangement of Magnus and quanti 
tated by comparison with the effect of known too cent rations ol epinephrine hydrochloride 

In four experiment* on female non-pregnant cate the rise in blood pressure and tbe de- 
pressant effect on uterine activity served to indicate the release of epinephrine The ani- 
mal* were anesthetized by tbe lntra peritoneal administration of 85 to 40 mgm of nem- 
butal per kgm body weight eviscerated and given artificial respiration. The vagi were 
cut to avoid vagal reflex action Injections of p rot ovara trine were made into tbe celiac 
artery Blood pressure was recorded from one of tbe carotid arteries by mean# of a mer 
cury manometer Tbe movement* of a segment of a born of tbe uterus were recorded by 
mean* of a Cusbny myocardiogrsph Single injections or continuous Infusion of epineph- 
rine hydrochloride served for comparison All dosage# and concentrations mentioned 
refer to the epinephrine base 

For tbe dim! story experiments protoveratrina wa* dissolved in N/10 hydrochloric 
add 0d ec for every 5 mgm. and the solution adjusted to the desired volume with 0.9% 
■odium chloride solution As there Is the possibility that hydrolysis of thi* alkaloid may 
occur readily on standing a fresh solution was prepared every time on tba day of the ex 
pertinent prior to tbe injection the pH of the solution wa* brought to about 7X) by addition 


* Tbe nembutal used in thin work wa* generously supplied by Abbott Laboratories 
North Chicago IUinoU. 

* The substance need in these experiment* wa* Isqu*emln which wa* generously sup- 
plied to us by Hoffmann La Roche Inc Nuticy New Jersey 




170 


OTTO KRAYER, GORDON K MOE, AND RAFAEL MENDEZ 


of sodium bicarbonate Whenever a solution had to be injected into the arterial blood 
supply of the bead the temperature of the solution was brought to 38°C and the total 
volume injected did not exceed 0 2 ce Unless otherwise Btated, all dosages mentioned 
in this paper refer to the alkaloidal bases 

Results I Comparative toxicity of the veratrum alkaloids A comparison 
of the toxicity of a larger number of the veratrum alkaloids has not been possible 
so far because apparently no investigator had available pure substances in a 
sufficiently large quantity As the potency of the alkairunes is rather low, a 
small laboratory animal like the mouse had to be chosen in our experiments to 
utilize best the relatively limited amounts of the alkamines at our disposal 



Fio 1 Mice 

LD 60 For details Bee text I, protoveratnne, II, ver&tndinc , III, jervine, TV with 
filled in circles, rubijervine, IV with open circles, cevme, V, genuine, \ I, protovenne 

Further to do this and also to exclude differences due to absorption we selected 
tbe intravenous route 

The results of our toxicity studies are illustrated in figure 1 As we used 
only six animals for each dose of each alkaloid, the deduced mortality was es- 
tablished from the observed mortality by the method of Behrens (24) From 
percentage mortality we determined the normal equivalent deviation as recom- 
mended by Gaddum (25) The average lethal dose, or LD 50, was then read 
bom the straight line obtained by plotting the logarithm of the dose agams 
the normal equivalent deviation These values are assembled m table 2 
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Apart from the marked quantitative differences there were also qualitative 
-differences in the manifestations of poisoning caused by the various alkaloids 
as can be seen from the following observations 

Proloverairtne There was a lag of about 1 5 minutes after the injection din- 
ing which time no signs of poisoning could be recognised Then followed a 
period of flaccid paralysis which was succeeded by convulsions In some cases 
m others by irregular respiration Death occurred withm 2 to 4 minutes 
T cralndmc Respiration was depressed immediately after the injection 
Death occurred within 1 to 4 minutes with signs of respiratory failure In 
some cases a short period of convulsions preceded death 

Canne Immediately after the injection tremor and convulsive movements 
occurred Within a few minutes tremor became continuous the animals lay 
jrrone with legs and toil m extension There was a great increase of reflex 


TABLE 2 

Tkt tonaly of ikt ftroirvm alkaltndt 
(Mice Jntnrencrui Injection) 



unucii ro*jcrT-A 

utjl. wEtojrT 

LD SO 

LD-50 

Proto rera trine 

CiiHnOitN 

751 

mfmjtim. \ 

0 018 

mkmmi 

0 004 

Yeratridiw 

CkHuOhN 

073 

0 42 

0 028 

Jerrine 

CiiHwOiN 

•123 

0 8 

21 9 

Hubijervtne 

U*7H«0iN 

413 

70 0 

170 0 

Cerine 

CWi.O.N 

600 

87 0 

170 0 

Qermlne 

C,,H„0,N 

600 

189 0 

274 0 

Pro tort line 

c* 7 ti„o,n 

525 

| 1W 0 

SC7 0 


-excitability to touoh and sound particularly to sharp high frequency noises 
like that produced by quickly aspirating air through the partly closed lips 
When the poisoning followed this course death oocurred as a rule withm one- 
half to three hours. A few animals, however, died within 2 minutes after the 
injection they had moderate convulsive movements and a slow and labored 
respiration In some of the animals that escaped death the tremor lasted for 
several hours 

Gtrrmne Almost immediately after the injection the animals became jumpy 
and had convulsive senures Within 1 to 3 minutes they were unable to stand 
they lay on their aides and had severe convulsions. Breathing was slow and 
irregular Death generally occurred at this time Animals escaping death 
regained the sitting position and occasionally had periods of tremor and jerking 
Several hours elapsed before all tone symptoms had subsided 

Prolooennc About 30 seconds after injection the animals had brief fits of 
■ooarse tremor especially of the head, which bobbed up and down rapidly As 
a rule death occurred within 6 minutes preceded by a short period of oonvul 
sive movements Some animals died within 1 to 2 minutes. They showed 
severe jerking movements and death was preceded by a period of alow and 



172 


OTTO KHATER, GORDON K MOE, AND RAFAEL MENDEZ 


gasping respiration In those animals which recovered, fits of tremor were 
observed, they became less and less frequent and subsided within 1 to 2 hours 

Jernne Thirty seconds after the injection great motor excitation — jumping 
and running — was noticed Repeated fits of convulsions were observed, and 
death occurred during a convulsive attack within a period of 10 minutes 

Rubtjemne The injection was followed immediately by either mild motor 
excitation or by a decrease in motor activity In some animals the outstanding 
symptoms were fits of convulsions or tremor, m others respiratory depression 
Death occurred within ^ to 2 minutes either in a convulsive attack or as a result 
of respiratory failure 

II Circulatory action of proloverainne A Heart action Action on the iso- 
lated frog heart Boehm (14) studied the effect of different concentrations of 
protoveratrme on the isolated frog heart He states that protoveratnne causes 
standstill of the ventricle m diastolic position and that the time necessarj to 
produce the effect varies in proportion to the concentration, from 7 minutes for 
a concentration of 1 X 10 -1 to 70 minutes for a concentration of 1 X 10~ s 

In our experiments, m the heart isolated by Straub’s method, protoveratnne 
in concentrations of I X 10~* to 1 X lO - * caused ventncular standstill in the 
systolic position within 5 minutes (fig 2a) A concentration of 4 X 10 - * to 

1 X 10”* (fig 2b) produced an immediate “systolic effect” with frequent periods of 
contractions alternating with others m which the ventricle appeared as a whole 
“systolic,” but close observation revealed fine “peristaltic” movements during 
which different parts of the ventricle contracted, alternately There was at this 
stage complete aunculo-ventncular dissociation Concentrations of 1 X 10"* to 

2 X 10~ 7 caused an increase in amplitude sometimes accompanied by a decrease 
in heart rate (fig 2c) This was usually followed by half-rhythm and after a 
period of approximately 2 hours by diminished contraction in a "half-systole” 
positron of the ventricle The effect of protoi eratnne on the isolated frog 
heart is reversible by washing, as was already noticed by Eden in his experi- 
ments using the Williams apparatus 

The hypodynamic frog heart was used to study the therapeutic efficiency of 
protoveratrme The hearts were perfused from the venous side with a constant 
venous supply and the output measured The hypodynamic stage was in- 
duced bj perfusing with Clark's solution containing only 40 to 50% of its nor- 
mal content of calcium Perfusion with the drug dissolved in calcium-poor 
Clark’s solution was started when the output was reduced to 50% or less of its 
normal value A concentration of 1 X 10~ 7 (four experiments) was found ca- 
pable of increasing the output of the hypodynamic heart to nearly its normal 
value A concentration of I X I0~* (four experiments) also increased the out- 
put but signs of toxic action, half-rhythm, and aunculo-ventncular dissociation 
appeared after 10 or 20 minutes of perfusion with the solution of protoveratnne 

Actum on the denervated heart-lung preparation of the dog Protoveratnne 
injected into the venous reservoir of the heart-lung preparation in doses of 0 005 
to 0 02 mgm (concentration m the blood, 1 17X10*to417X 10*) caused 
only slight or moderate improvement m the work capacity of the failing heart 
Right and left auncular pressures decreased slightly, and the total output of the 
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heart increased The improvement de\ doped more slowly than that caused by 
effective doses of \eratndine and was never complete, that Is auricular pressure 
and cardiac output were never restored to the control level Hie trend of 
failure may be arrested for as long as 30 minutes after a dose of 0.01 mgm , 
an initial dose of 0 005 ragra causes a moderate effect lasting about 16 minutes. 
If additional protm cratrme be administered when the effect of the first dose 
has reached a maximum no further Imprm ement occurs and subsequent doses 
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Fin n Acnox or Protovkratbisb urox ths Froo IIkart (Straub Cuark b Soujtiox) 
Time In minute* Tho figure* above the lime line Indicate heart rato per minute A — 
atrium T — ventricle The figure* below the time line indicate in section A time in- 
terra I in minute* between the two section* of the treeing in C, period In minute* during 
which the drum wa* arreated A 9/2U/43 Temperature 2l*C Prof overt trine I 1 ,000 
The sinua wa* beating throughout fl washing* within one hbur brought tlw rate of the 
atrium back lo 48 per minute while tlie ventricle remained In *jr*tolic atandstdl B 
0/3/43 Temperature 21 C l*rotoreratrine I 100 000 Complete dissociation between 
atrium and ventricle wa* quickly c*tabllsl«td Peristaltic movement* of tho ventricular 
mu*dn were noticeable In the period* of *y*tnlio standstill Subsequent to the end of 
record B the periods of apparent systolic arrest liecame longer C 0/20/43 Tempera- 
ture 24 C Prolove ratnne 1 5,000 000 At the heart was wrashed with normal Clark * 
aolution 


ma> appear to hasten the failure In one experiment (exp 6) a total of six 
doses each of 0.005 mgm was gi\en within 40 minutes Slight improvement 
followed only the first two doses Ten minutes alter the sixth dose of proto- 
\eratrmo \cmtndine was injected in n dose of 0 15 mgm followed by rapid 
and complete restoration of control levels of auricular pressures and cardiac 
output The improvement although great was brief but recurred after an 
additional dose of \crotridinc 

Doses of 0 02 mgm usually caused toxic manifestations (auricular asystole, 



174 


OTTO KRATER, GORDON K MOE, AND RAFAEL MENDEZ 


ventricular tachycardia, fibrillation) within 15 minutes, irregularities occurred 
almost immediately after the injection of larger doses, too soon to permit the 
development of a therapeutic effect in a failing heart 
No heart rate changes were evident with sub-toxic doses Coronary flow, 
as measured by introducing a Morawitz cannula into the cor on an, sinus, w as not 
significantly altered 

Action on the innervated, heart-lung preparation Although protoveratnne in 
sub-toxic doses causes no significant heart rate changes in the denervated heart- 
lung preparation, bradjcardia is one of the characteristic features of the action 
of this alkaloid in the intact animal The mechanism of cardiac slowing was 
studied m the innervated heart-lung-head preparation and m head perfusion 
experiments Heart rate w as recorded m all cases with the electrocardiograph 
In the heart-lung-head preparation protoveratnne was injected into the blood 
stream between the venous resen oir and the nght ntnum The alknloid w as 
thus distnbuted in a total blood volume of about one hter, and reached not onlv 
the heart and lungs, but also the carotid regions and the central nen ous system 
The minimal effective dose of protoveratnne m the heart-lung-head prepara- 
tion was approximately 1 to 2 micrograms (order of concentration, when reach- 
ing the heart for the first time, 1 30 to 1 15 million), which, because of the 
restricted circulation, is considerably less than the effective cardiodeeelerator 
dose m the intact animal Unlike veratndme, which characteristically leads to 
an abrupt decrease in heart rate with a gradual return to normal lev cl, proto- 
veratnne caused a progressiv e decrease in heart rate for from 1 to 3 minutes, 
followed by a slow recovery which was often incomplete 

When small doses were given, the effect could be repeated several times, but 
eventually tachyphylaxis developed When the vagi w ere cut during the period 
of bradycardia, heart rate increased at once, and cardiac slowing could no longer 
be mduced by doses of 0 015-0 032 mgm of protoveratnne Progressive^ 
increasing doses (to 0 03 mgm or more) eventually led to cardiac irregularities 
as in the ordinary denervated preparation 
These experiments point to the r61e of the vagus, but prove only that efferent 
vagal pathways are involved, information as to the reflex or central nature of 
the bradycardia is best gamed from the preparations m which the cephalic 
and thoracic circulations are completely separated In three such head perfu- 
sion experiments protoveratnne was injected in varying doses mto the arterial 
blood supply to the head, or mto the blood stream of the heart-lung preparation 
Bradycardia was produced by doses of 5 micrograms injected into the heart- 
lung circulation (fig 3a, part A , fig 3b, heart), in which case the alkaloid must 
have excited afferent endmgs in the heart and/or lungs, smce such doses hav e no 
effect on the rate of the denerv ated heart, and access of the injected matonal 
to the centers was prevented Doses of 10 to 30 micrograms, injected mto the 
cephalic circulation, also resulted in cardiac slowing (fig 3a, part B, fig 3b, 
head) In the experiment in which chloralose anesthesia was used, no signifi- 
cant difference in the dose range or the character of the response was observed, 
moderate slowing was obtained with 3 micrograms in the heart circulation and 



Fia 3a EirauMMT 4/28/44 IIdflcx and Cextxal Errr-cr or Prutotkrat*ixe urox 
the Hhaxt Kate 

Head perfusion experiment Innervated hcart-lunr preparation Heart lung dog, 
female 10 0 kgm Honor dog female 18.2 kgm Nembutal anesthesia, 30 and 33 mrm 
per kgm respectively Heparin 3 mgm per kilo to both dog# and continuous infinron 
of heparin to donor dog at ft rate of 1 mpn per mmuto Temperatnre of heort'iung prepa- 
ration 38.5*C roctal temperature of donor dof. 30 0 Tracing! from top to bottom 
•yatemie output of heart In 100 ce (Wees© atromuhr); time in 10-*ecood interval* arterial 
blood pressure in the head circulation, scale at left in mm Hg arterial blood pressure of 
heart-lung preparation aeale at left in mm Hg. right auricular pressure of heart-lung 
preparation aeale at right in mm, water signal line The horiaontal row o/ figure* indi- 
catea heart rate per minute of heart lung preparation 

At 1 In A injection of 3 micrograma ol protoreratrine into blood aupply of beart-lunr 
preparation At t in B Injection of 10 rmcrograms of protoveratnne into arterial blood 
supply to tbe head or the recipient dog Between A and B there was an Interral of 34 min 
ntea 



Fia 3b Heart Rate Chahoes or thb ExrETUttEjrr raou Which Fiauiut 3 a Was Tax ex 
(Upper curve represents segment A lower curve segment B ) Ordinate represent* 
heart rate per 5 second* The points connected by dashes with tne solid line (auricular 
rate) of tbe upper curve represent actual ventricular rate during a period of ventricular 
extrasystole* 
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with 5 microgmms in the head No attempt w as made to determme the rOle 
of the carotid sinus areas in this response, in some experiments with xeratndine 
(21) these receptors appeared to contribute to the overall effect 
It can be said, then, that protox eratnne, like xeratndine, leads to a bradj- 
cardia, in part as the result of a reflex action originating in the thoracic viscera, 
and in part due to a central or cephalic action In either case the efferent 
pathway lies chiefly in the vagus nerves 
B Action on the intact circulatory system of the dog Protoi eratnne injected 
into the nght atrium in doses of from 1 to 3 micrograms per kgm produced a 



Fig 4 Experiment 0/11/43 Doo, 15 5 Kom , Nembutal Anesthesia 
Tracings top to bottom respiration, recorded from Bide tube in tracheal cannula, 
carotid pressure scale nt right in mm He, blood flow in loft femoral artery (leg acutely 
denervated), scale nt left in cc per min , blood flow m nght femoral artery (nerve supplj 
intact), scale at right in cc per min , time in 6-second intervals, signal line Tho hor- 
izontal row of figures indicates heart rate per minute (counted for 6^second periods) 

At signal in A, protoverntnne, 0 02 mgm , injected into suponor vena cava Between 
A and B, one additional dose of 0 02 mgm protoveratnno, time lapso of 50 minutes At 
signal in B, protoveratnno 0 02 mgm Between B and C, time lapse of 8 minutes At 
signal in C, vcratndine, 0 1 mgm 

fall of arterial pressure and a decrease in heart rate The response was less 
abrupt than tbnt follow mg administration of comparable doses of veratndinc 
Arterial pressure began to decrease after a latency of 15 to 30 seconds, and 
reached a minimum in from 1 to 3 minutes The gradual course of the pressure 
curve, as contrasted xvith that recorded for veratndme, appears to be due to 
the slower onset of bradycardia The latency for the onset of cardiac slowing 
varied from 40 to 120 seconds, the minimum heart rate was reached in from 1 
to 3 minutes The depressor response lasted much longer than with \ eratndine 
In the experiment of figure 4 (exp 2), artenal pressure dropped from 110 mm 
Hg to 08 about one minute after the injection of 0 02 mgm (1 25 micrograms 
per kgm) of protoveratnne , at the end of 35 minutes the mean pressure was 
relatively level at 85 mm Hg 
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Vasodilatation contributes to the fall in pressure as with veratndme (fig 4) 
The blood Sow in the innervated femoral artery m this experiment was increased 
by 400% after a dose of 0X12 mgm while mean arterial pressure was decreased 

by 40%. 

In contrast to the effects of \eratrldme doses of protoveratrme which result 
In profound effects upon the circulation are without apparent respiratory action 
Reflex nature of r asodflalahon Intra arterial injection of proto\ era trine in 
doses approximating those effective intravenously and leading to local concen 



Fio 5 ExnmmrxT 3/3/44 Doo I8J5 Kcm Nimbutal AsEmraiA 

Circulation of rieht le* (Innervation intact) supplied by donor dog Tracing* from 
top to bottom carotid prwaurB of donor dog (per/urion pressure of nghl femoral artery of 
recipient) »cale at left in mm Hg carotid preaeure of recipient do* ecale at right in mm 
Ilg blood flow La left femoral artery, ecale at left in cc per min blood flow in right (per 
foied) femoral arterr scale at right In cc per min time In 6-aecond interval* At «irnal 
pro tore ra trine 0.076 m*m waa Injected into the tuperior vena cara of the recipient do* 
The horiiobtal row of figure* indicate* heart rate in fl second* 

t rations of 1 100,000 to 1 25 000 were without action on the femoral arterial 
flow suggesting that dilatation must be indirect In two experiments perfusion 
of cmo lower extremity was established from a donor dog Flow responses were 
studied m both perfused and mtnot femoral arteries Proto \ eratrme injected 
intrav cnously into the recipient animal caused vasodilatation m both femoral 
artcncs (fig 5) this response is evidently mediated via vasomotor fibers m the 
sciatic and femoral nerves 

Taehyphytaxii While veratridine may be injected repeatedly with little or 
no diminution in the depressor and vasodilator responses, protoveratrino leads 
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to marked tachyphylaxis In the first- experiment of this senes it was observed 
that after the first effectn e close of proto \ eratrme (0 032 mgm ) had been given, 
a depressor or cardiodecelerator response could no longer be elicited, even with 
doses of 0 1 mgm Yeratndine was then injected m a dose of 0 1 mgm (4 or 
5 tunes the usual minimal effectn e dose) and no effect on blood pressure, femoral 
flow, or heart rate occurred Stimulation of the penpheral end of the nght 
vagus with a strong tetamzmg current from a Harvard mductonum was like- 
wise without effect upon heart rate 



Fig 6 Expebiment 2/1/44 Dog 18 Kom , Nembutal Anesthesia 

Both vagi cut, stimulation of nght penpheral vagus HtR percentage decrease in 
heart rate during brief periods of vagal stimulation B P percentage decrease in arterial 
pressure following repeated doses of 0 (MO mgm acetylcholine chlondc At arrows, pro- 
toveratnne 0 03, 0 1, and 0 1 mgm intravenously 

In six dogs w eighing from 16 to 22 kgm The heart rate response to penph- 
eral vagal stimulation was studied before and after injection of protoveratnne 
The normal response to stimulation was established by several control determi- 
nations, after which protoveratnne was injected intravenously in single or 
divided doses totalling from 0 1 to 0.3 mgm Within 1 or 2 minutes after the 
mjectiou of such doses, the response to vagal stimulation was greatly decreased 
or abolished (fig 6) Repeated determinations demonstrated a gradual re- 
covery toward nor mal , which was still incomplete after 3 hours This confirms 
the observations of Eden 

If this response were a true atropme-like action, the depressor action of choline 
esters should likewise be abolished As shown in figure 6, the blood pressure 
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response to acetylcholine in repeated doses of 0.04 mgra (which failed to cause 
cardiac slowing) was not altered by protov era trine In another experiment 
the heart rate response to injections of acetyl -be tamethyl choline, however, 
was reduced (fig 7) Examination of the electrocardiographic tracings reveals 
that while acetyl be tamethyl cholme administered by injection or acetylcholine 
liberated by vagal stimulation, are less effective in causing a decreased heart 
rate after administration of protovera trine they still exert an action on the 
heart. The records suggest that during vagal stimulation under these condi 



Fia 7 Exmmmeht 2/7/44 Doo 16 Kov Nembutal AwcirmraiA 
HectrocArdiographla tnclngi taksn niter 0 1 mpn. protorrrm trice Ve*al rtunulmtloo 
no heart rate ehanae but alten the ventricular eomplexei Meebolyl causes little 
deertaae in heart rate ana al*o altera the pattern of the ventricular complex. 

ticos the normal pacemaker is depressed and an ectopic rhythm below the A V 
node is established (fig 7) Veratridine in doses of 0 1 to 0.2 mgm lacks this 
aetkm This effect of protoveratrine appears to be one exerted on the automatic 
properties of the myocardium rather than on either the vagus nerves or tho 
humoral transmission mechanism in contrast to tho action of atropine after the 
Injection of which neither cardiac slowing nor development of an ectopic focus 
occur during vagal stimulation 

C Blood pressure increase due to protoveratrine and the rtile of epinephrine 
release in the response. Experiments on the dog After vagotomy or after doses 
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of proto\ eratnne which have “blocked” the vagi, doses of 0 1 to 1 0 mgre of 
the drug result in a hypertension and tachycardia similar to that resulting 
from somewhat larger doses of veratndme The r61c of epinephrine in this 
response has been tested by several methods 
In two experiments on dogs in which femoral artenal flow was recorded, sam- 
ples of blood were taken from the left adrenal vein before and after the 'injec- 
tion of protoveratnne The epinephrine content of the blood was assayed by 
means of the isolated rabbit gut While control samples were without signifi- 
cant inhibitory action, the samples obtained during the height of the pressor 
and tachycardiac response contained epinephrine in concentrations of approve 
mately 1 100,000 In order to rule out the effect of changes in adrenal blood 



Fio 8 Experiment 8/20/43 Cat 2 7 Kom , Nembutal Anesthesia, Eviscerated, 

Vaqi Cut 

Tracings from top to bottom carotid pressure, scale at right in mm Hg, uterine con- 
tractions recorded with a Cushny rayocnrdiograpbic lover, signal line, time in minutes 

At 1, epinephrine, 0 01 mgm , injected into right external jugular vein At S, proto- 
veratnne, 0 01 mgm , injected into the celiac artery At S, time lapse of 8 minutes, liga- 
tion of adrenals At 4, protoveratnne, 0 01 mgm , injected into celiac artery At f , 
epinephnne, 0 01 mgm , and at ff, 0 02 mgm intravenously 

flow, this was recorded by means of a graduated pipette in one experiment 
Blood flow was doubled during the pressor response, and epinephrine release 
was of the order of 10 micrograms per minute As a further check, the area of 
the anterior surface of the spleen w as measured in one experiment Following 
a dose of 1 0 mgm of protoveratnne the splenic silhouette area decreased from 
130 cm 1 to GO cm 2 

Experiments on the cat Further evidence of the release of epinephnne from 
the adrenal glands has been obtained bv injecting protov eratnne into the celiac 
artery of anesthetized, vagotomized, and eviscerated female cats m which the 
nse in blood pressure and the depressant effect on the non-pregnant uterus were 
used as indicators for the liberation of epinephnne Figure 8 shows the results 
obtained m an expenment of this type An rejection of 0 01 mgm of proto- 
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veratrmc mto the celiac artery caused an increase m blood pressure and a 
depressant effect on utenno movements comparable m intensity to, but much 
longer-lasting (18 to 34 minutes in three experiments m which this doee was 
administered) than that caused by an injection of 001 mgm of epmephnne 
into the jugular vein Tho effect disappears after hgation of the euprarcnals 
A continuous mfusion of epmephnne was administered mto the entrance of 
the nght aunclo by means of a long cannula inserted through the jugular vein 
in order to evaluate the amount of epmephnno released per unit of time by the 
adrenals into the circulation under tho influence of protoveratnno. Two ex peri 
men to of this type in which the effect of a dose of protoveratnne was compared 
with that of a continuous infusion of epmephnne showed that 0.01 mgm of 
protoveratnno injected into the ccliac artery produced a sustained m crease in 
blood pressure similar to that caused by a continuous infusion of approximately 
0 46 cc. of a solution of epinephrine 1 100 000 or 4.5 mi programs, per minute. 

Discussion Tho toxicity studies m mice have shown that protoveratnne is 
the mast toxic of the veratrum alkaloids On a molar basis its toxicity is about 
10 times that of vcratridinc and 0000 times that of its own alkarolne proto- 
verine This is m general agreement with earlier studies on the tenacity of 
the veratrum alkaloids, as may bo seen from tables 3 and 4 In table 3 the 
older data have been aaoembled, taken from investigations m which toxicity 
was not well defined and m which the number of animals per doee was limited 
or was not stated Also m some cases it is doubtful whether the subetanoes 
tested were pure. Table 4 contains data from more recent work in which the 
LD B0 was established 

That the naturally occurring ester-alkaloids of the veratrum group nre so 
much more powerful pharmacological agents than tlidr olkomines calls to mind 
similar pharmacological facts for example, the difference between the sol ana 
cooua ester alkaloids atropine and scopolamine, and their respective alkamines, 
tropin o and scopme, in regard to their influence upon impulse transmission to 
autonomic effectors or the difference m the pharmacological action of choline 
esters and choline 

From the data of Heinx (in table 3) it is evident that the introduction of an 
acetyl group into the molocule of cevadme decreases toxicity noticeably in 
frogs, as well as in rabbits but not to the same extent as the introduction of a 
benzoyl group Dibenroyl oevmo with the tiglic aad also replaced by a 
ben toy 1 group has lost still more of its potency Tho experiments of Haas 
(in table 3 and 4) on rata with subcutaneous mjcchon of gtrmenne, protovera- 
tndino and genuine show clehriy that the ranovnl of the methylethyl glycolic 
add from germerine reduces the toxicity more than 260 times and protovera- 
tridin e the methylethyl acetic add ester of germ in e, is but little more toxic 
than the alkamine germine itself Apart from and independent of the genuine 
ton city of the alkamines, the toxidty of the ester-alkaloids obviously is depend 
ent on tho number of acyl groups In the molecule ns well aa upon tho nature 
and probably also the position of tho individual acyl group 

Only jervmc among the known alkamines investigated by us comes closer in 
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TABLE 3 


a-viwax srrats 

WAY or 
AXrtrtvw- 

tUflSTAWCC 

LETHAL DOSE* 

1 


TXATKXH 


Mfru /ajuuuI 

j Mgm /lcpn-t 


Rana (?) 

Subcut 

Proto veratnne 

0 2 

0 0 

Eden (13) 

Rana (?) 

Subcut 

Cevadine 

0 05 

1 5 

Heinz (26) 

Rana (?) 
Rana escul 

Subcut 

Cevadine (sulfate?) 


7 0 

Pilcher (27) 

and temp 

Subcut 

Covadine 

0 5-10 

15 0-30 0 

Lissauer (28) 

Rana (?) 

Subcut 

Acetyl cevadine hy- 
drochloride 

1 0 

30 0 

Heinz (26) 

Rana (?) 

Subcut 

Benzoyl cevadine i 

>10 0 

>3 00 0 

Heinz (26) 

Rana (?) 

Subcut 

Dibenzoyl cevine ace- 
tate j 

20 0 

000 0 

Heinz (26) 

Rana escul 

Subcut 

! Protovoratndine 


>760 0 

Haas (15) 

Rana escul 

Subcut 

Gorunne 


1 260 0-600 0 

Haas (15) 

Guinea pig 

[ Subcut 

Cevadine 

0 5 


Heins (26) 

Rabbit 

, Subcut 

Protoveratnne 


0 U 

Eden (13) 

Rabbit 

Subcat 

Cevadine 

1 D 

0 5 

Heinz (26) 

Rabbit 

Subcut 

Cevadine 

2 7 (-4 2) 

1 3 

Lissauer (23) 

Rabbit 

Subcut 

Acetyl cevadine hy- 
drochloride 

50 0 

25 0 

Heinz (28) 

Rabbit 

Subcut 

Dibenroyl cevine ace- 
tate 

>100 Of 

>50 0 

Heinz (26) 

Rat 

Subcut 

Protoveratndine 


>1000 0 

Haas (16) 

Rat 

Subcut 

Germine 


2000 0 

Haas (16) 


* Unless otherwise mentioned the dosages refer to the baso and not to the salt 
f The boldface figures for lethal dose in mgm /kgm were those actually reported The 
others were calculated from the reported values for the whole animal to get an approximate 
dose per kgm for the frog by multiplying by 30, assuming an average weight of 33 grams 
per frog, for the rabbit by dividing by 2, assuming an average weight of 2 kgm per rabbit 
X This dose caused only slight depression of the central nervous system 


TABLE 4 


AKDOX. 

WAY 07 

ADUDnrrkAfiow 

SUBVtA-«X 

MIX. 

WEIGHT 

LD 50 

ID SO 

AUTSOt 

Bono eteuUnla 

Rana esculenta 

Rana temporana 
Rana temporana 

Rat 

Rat 

Rat 

Rat 

Rat 

Rat 

Subcut 

Subcut 

Subcut 

Subcut 

Oral 

Oral 

Sub cut 
Subcut 
Xntrapent 

Intrapent 

Protoveratnne 

Germenne 

Protoveratnne 

Germenne 

Protoveratnne 

Germenne 

Protoveratnne 

Germenne 

Veratndme 

Cevine 

761 

679 

761 

679 

761 

679 

761 

079 

673 

509 


miat- 
f xaU 

6 0 
13 2 
17 9 
29 4 

6 7 
44 X 

0 8 

5 4 

5 2 

131 0 

Has s (15) 

Haas (15) 

Haas (16) 

Haas (16) 

Haas (16) 

Haas (15) 

Haas (16) 

Haas (16) 
Mendez and 
Montes (16) 
Mendez and 
Montes (18) 
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toxicity to the ester-alkaloida The reason is unknown It differs chemically 
from the other alkaminea (which ore tertiary amines) in that it is a secondary 
am me The tone doses of rubijervine cevine ge rm m e and protovenne are 
m the ratio of 2, 2 3 4 , but no explanation ia available at present for this rein 
tion In view of the fact that cevme and genuine are isomers it is of interest 
to be able to record definite quantitative as well as qualitative, differences 
between these two alkaminea. 

Pro tovera trine is a more potent cardiac poison than veratridme, the former is 
tone to the dog heart m doses as small as OX) 15 mgm (concentration m the 
blood, 1 55,000 000) while the latter causes irregulantles in doses of 0 65 mgm 
(concentration of about 1 1 000,000) It is -very probable that the difference 
in cardiac toxicity ia largely responsible for the difference between pro tovera 
trine and veratndme in toxicity to the whole animal. 

Protoveratnnc is much less effective in producing a positive motropic (them 
poutic) effect on tho heart. In two experiments veratndine caused great 


TABLE 5 



nuTum 

M 



L H.LJ minimum therapeutic do*e 

0 05 mgm. 

0 005 mgm 

ID 

II HJj.P., minimum tccdo do*e 

0 05 mgm 

0 015 mgm 

43 

IH. Arc rate depre**or doee (do*) 

0 03 mgm. ' 

0 03 mgm. 

1 

IV Average prewor do*e (dog) 

0 50 mgm , 

0 10 mgm. 

5 

V Motue LD 50 mierotnoU per kgm 

0 028 

0 001 

10 

Ratio of II/I 1 

13 

3 


Ratio of I I/I 1 1 

22 

0 5 



improvement in the falling heart after repeated small doses of protoveratrme 
had not prevented progressive failure Although the minimum effective dose of 
protoveratnne about 0 005 mgm , is only jV of that of veratndme the degree of 
improvement attainable is much less, and the margin between therapeutic and 
toxic doses is narrower The ratio of toxic to minimum therapeutic 3oee for 
veratndme is about 13 and for protoveratnne not more than 3 (table 6) 

Comparing the doses which are toxic to the heart with those that are effective 
in reducing the blood pressure of the intact animal, it is evident that effective 
depressor doses of protoveratnne lie in the range likely to cause cardiac irregu 
lan ties Electrocardiographic evidence confirms this, doses of 0 1 mgm fre- 
quently cause ectopic rhythms in the intact dog Veratndine which effectively 
reduces blood pressure in tho same dosage range as protoveratnne, is obviously 
much safer In this regard the effective depressor dose m the intact dog 0.02 
to 0.03 mgm . is only I to I the dose which may cause irregulanties when con 
fined to the small blood and tissue mass of the heart long preparation These 
data are summarized in table 5 

Tho results of our experiments on the isolated frog heart do not confirm the 
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observations of Boehm, who did not see systolic standstill when using the 
same technique, while they agree with the work of Eden, who saw systolic 
standstill of the heart m the intact frog However, he does not clearly state 
whether systolic standstill occurred in his experiments with the isolated frog 
heart using the W illiams apparatus 

In general the effect of protoveratrme upon blood pressure and upoh the 
response to electrical stimulation of the peripheral end of the severed vagus 
is in good agreement with and confirms Eden's findings That Eden did not 
observe decrease in blood pressure without subsequent increase above the le\ el 
before the injection most probably is due largely to his using relatively large 
initial doses, as he calls 0 05-0 1 mgm per animal “\ ery small doses " This is 
also borne out by his observations on the marked tachyphylaxis as a result of 
which a second dose no longer caused a decrease m pressure at all It is possible 
that his technique of immobilizing the experimental animals with ether and 
curare also contributed to the fact that he observed a secondary blood pressure 
increase with all his initial doses of protoveratrme 

Our explanation of the apparent vagal block produced by protoveratrme is m 
accord with the observations of Rothberger and Wmterberg (29) Their 
electrocardiographic studies uncovered the fact that after poisoning with mus- 
carine, physostigmine, digitalis, strychnine, and epinephnne, as well as during 
high intracardiac pressure, the response to faradic stimulation of the vagus is 
concealed by the idioventricular rhythm v 

Although the action of protoveratrme in causing an apparent vagal block 
may explain the development of tachyphylaxis in the heart rate response to 
the drug, it docs not explain the tachyphylaxis of the depressor or vasodilator 
responses Protoveratrme must lead to a block either in the afferent pathways 
or in the centers or efferent routes involved in the mediation of vasodilatation 
Such an explanation would be m accord with earlier observations of block 
produced in frog motor nerve by protoveratrme solutions (14) 

Like veratndme, protoveratrme causes a vasodilatation m the femoral vas- 
cular bed by a reflex mechanism, and local effects of the drug do not appear to 
play any r61e in this action Of experiments on isolated organs only studies on 
the perfused hind legs of the frog were made by Haas, who found in two out of 
three experiments a vasoconstriction if 0 5 cc of 1 100,000 of protoveratnne- 
Poethke was injected into the perfusion fluid 

It is not likely that vasoconstriction due to a direct action of protoveratrme 
upon the arterial resistance plays any r&le in the blood pressure increase after 
vagotomy, as concentrations of 1 15,000 reached in mtra-artenal injections into 
the femoral arterial circuit proved ineffective and the actual concentrations of 
protoveratrme reached by intravenous effective doses are far less We have 
shown that release of epinephrine from the suprarenal glands plays a part m 
the blood pressure increase 


SUMMARY 

In acute toxicity experiments in mice with intravenous administration, proto- 
veratnne, a tnacyl ester of protovenne, w as found to be ten times more toxic than 
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veratndine a monoacyl ester of cevine The alkamlnea jervine rubijervmo, 
oevme, genuine, and protovenne were very much leas toxic than the ester 
alkaloids Conspicuous qualitative differences coast betwoen the alkaloids and 
the alkamines as groups as well as between the individual members of the two 
groups. 

In conformity with its sterol nature and chemical relation to the cardiac 
glycosides, protoveratnno causes a systolic standstill in the isolated frog heart 
and positive inotropic (therapeutic) effect in the hypodynnmic frog heart, ns well 
as in the isolated failing mammalian heart. The minimal effective therapeutic 
dose is somewhat s mall er than that of veratndme The mmimnl toxic dose 
leading to irregularities of the heart rate is verj muoh smaller than that of 
veratndine Effective inotropic doses of protoveratnne not leading to irregu 
lantiea of rate do not decrease the heart rate of the d enervated heart, this is 
contrary to what -was observed with veratridine In the innervated heart, 
howev er, decrease m heart rate is produced which is partly due to reflex action 
and partly duo to central action as was observed with veratridine 

In the intact circulation of the dog the outstanding effect of small dosages 
(0.5 to 2.6 mlcrogmma per kgm ) is a blood pressure decrease which is due m 
part to a heart rate decrease and m port to a decrease in artenal resistance 
The vasodilatation as studied In the femoral artary is reflex in nature mtra 
artenal injections of dosages leadmg to much higher artenal concentrations 
than would ever occur with intravenous administration having no effect 
As was observed with veratndine, large dosages of protoveratnne cauao re- 
lease of epinephrine from the suprarenal gland, which la an important element 
in the vasopressor effect 

Tachyphylaxis to the cardiodecelerator effect as well as to the depressor ef 
feet develops much more readily with protoveratnne than with veratridine 
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In several reports (1, 3,3 4) from our laboratory and dimes during the 
past few years evidenoe ^'»s presented indicating that digtoodn (Digitahne 
Natlvelle) poeseaecs' properties which place it first in the choice of digitalis 
materials for general therapeutic use It is rapidly absorbed from the gastro- 
intestinal tract so that in animals effects are pronounced m as short a period aa 
15 minutes after a largo oral dose (6) Its absorption, is virtually complete so 
that for a particular effect it seldom requires more of the drug by mouth than 
by vein There are very few drugs which are so well absorbed that the m 
trnvcncniB and oral doses are the same The potency of digi toxin fa so high that 
it requires a smaller amount of the drug to produce the full therapeutic effects 
by oral administration than in the case of any other digitalis material in com 
mon use at the present tune The doses necessary for full therapeutic effects 
are too small to produce gastrointestinal irritation with the result that nausea 
and vomiting from local action seldom occur The margin of safety between 
the therapeutio and the toxic dose fa the same as m the case of digitalis (1) 

The foregoing properties seemed admirably suited for a system of digit al! ta 
tion using a very large dose at one time instead of the smaller fractions as m 
the methods by which digitalis is commonly given, which require a period of 
from 24 to 48 hours for satisfactory digitalisation We described such a system 
with the use of Digital ine Nativelle two years ago (6) Several problems re- 
mam ed to be explored There were also BeVeral questions which arose during 
its further use m our clinics as well as m the application of the method by others 
The purpose of the present report is to give an account of more extended ex 
penence m the use of this material and to describe the results of experiments 
designed to throw additio n al light on the behavior of digi toxin, and on problems 
of dosage and methods of application It may also be noted that whereas the 
previous observations were all made with a preparation of digitoxm produced in 
France, many of the present experiments were performed with a digitoxm ma 
tonal prepared in the United States 

Dnuo The term digitoxm will be applied to the material used in this study 
This name is not entire!} satisfactory The problems involved w the nomen 
clature were discussed in a previous report (1) There is some doubt of the 
chemical identity of the material with that which Schmledebcrg named dlgi 
187 
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toxm in 1875, although there appears to be no significant pharmacological dif- 
ference The preparation available for practical use is a chloroform soluble ac- 
tive principle isolated from digitalis purpurea containing a negligible amount of 
impurity The material prepared in the Laboratoire Nativelle of Pans has a 
potency by the official cat method (USP XII) of 0 42 mg per kg (1) We 
tested several specimens made in the United States in the laboratory of 
Wyeth Inc and these had potencies of 0 47 mg (#D63), 0 50 mg (#30-455), 
0 32 mg (#114), and 0.36 mg (#115) The latter two seemed to be the 
purest preparat ons and these were used m a large proportion of the present ex- 
periments They were available to us in the form of the crystals and tablets 
The source of the matenal will be designated in this paper by the letter "N” 



Fio 1 Effect of Bed Rest on the Ventricuiar Rate in Patient with Auricuzab 

Fibrillation 

Each point on the curve represents an average of three or more one-mmuto counts 

for the product obtained from the Laboratoire Nativelle of Pans and the letter 
"W” for that from Wyeth Inc of Philadelphia 
Observations in patients In one of the methods used in this study the 
course of drug action was charted in terms of changes of the ventricular rate 
m patients with auricular fibrillation It is well known that, although there 
are some exceptions, the decline of the ventncular rate is a good index of the 
therapeutic action of digitalis and runs fairly parallel with improvement in 
heart failure m patients with auricular fibrillation The changes m rate are 
best suited to graphic representation The patients were put to bed and the 
ventncular rate was counted 3 or more times daily during a control penod 
When the rate was stabilized, a dose of the drug was given and the rate was 
counted at intervals of an hour or less during the day In the subsequent days 
of elimination of the drug, the rates were counted as m the control penod The 
importance of the control penod before the drug was given is shown m figure 1 
It frequently occurred that during the control penod the ventncular rate de- 
clined to normal levels and simultaneously the symptoms of failure subsided 
as the result of rest in bed alone Such patients were eliminated from the study 
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In previous reporta (2, 3) it was shown by the behavior of single patients that 
equal effects are produced by a dose of digitoxm whether it is given intravun 
oualy or orally In figure 2 this observation was established by the average of 
the results obtained in several patients with auricular fibrillation After the 
control period each patient received a single dose of 1.25 mg of digi toxin either 
orally or by intravenous injection ffhe record of each patient represented the- 
one- minute counts made at frequent intervals during the day of the dose and 
the average of the 3 or more counts made during the control period and the 
days following the doee The curves of figure 2 represent an average of several 
courses, 13 courses in 9 patients for the oral cur\ e, and 20 courses in 14 patients 
for the intravenous curve Four of the patients are represented in both curves 
The results show that although the effects develop more quickly m the case of 



Fro 2 Comparison of tub Effect* of DroiTOn* (N) 1.25 Mo Given Oballt and *r 
IirrRAVRwcnj* Injection in Patient* witu Auricula* Fibrillation 
Time following the do*e I* apaced logarithmically Note that while the Intravenous 
doae produc** effect* more rapidly the total effect is no greater than after the tame doae 
given orally 

the intravenous injection the total effect is substantially the same In the case 
of the oral doses an average declme of Cl beats (oral) and 68 beats (Intravenous) 
per minute The absorption of digitoxm from the gastro-inteatinal tract of 
patients is therefore substantially complete 
The foregoing results were obtained with the digi toxin (Digrtalme Nativelle) 
prepared in France Figures 3 and 4 show the behavior of the Wyeth materials 
m each of two patients under similar conditions The results show that the 
patient is well digitalised by a single oral dose of from 1 to 1.5 mg in a penod 
of from 3 to 6 hours 

Reference has already been made to our previous study (6) m which rligitnlim 
tion with a Engle large dose of digitoxm was recommended for routine use 
It was to replace the several fractions given at intervals of six to eight hours 
as in the usual plans for inducing digitalisation with the leaf or the tincture 
and in this way to shorten the penod required for inducing advanced digitalis 
effects It is self-evident, however that no single doso is to be found which 
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vnll produce exactly the same degree of digitalization in all patients The 
amount required for optimum effects differs from patient to patient The most 
tolerant individual may require more than twice as much as the mpst susceptible 



Tiq 3 Rapid Digitalization with Single Dose op Diorrojcm (VP) in Patient with 

Auriculas Fibrillation 



Although these samples contained more impurities than the one in figure 3 the effects 

developed equally rapidly 


person, even though tests on large populations of animals show that digitalis 
is among the drugs with relatively uniform action (7) That disease introduces 
factors which widen the range of individual variation m the required dose is 
well known The more set ere grades of heart failure are likely to require larger 
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doces (8) In auncukr fibrillation without heart failure and m those with 
Grav efl disease larger doses may be necessary for tho control of the ventricular 
rate (9) The sue of a single full dose for routine uso needs to be defined m 
relation to two factors, the incidence of satisfactory digitalization and the inci 
dence of tone effects when the dose is given to large numbers of patients The 
latter is the more important and it was in relation to the factor to toxicity that 
the 1.25* mg dose of digi toxin was established as the moat satisfactory for 
routine single doae digitalization The incidence of poiaonmg with this doee 
is negligible Up to the present tune we have studied the effects of this dose 
in 512 patients. There were no signs of toxicity other than minor gastro- 
intestinal symptoms m 2.8% of tho patients This group of minor tone reac 
tions breaks down into mild nausea m 1 per cent (due to local action because it 
appeared m less than 2 hours), and nausea or vomiting occurring later (due in 
all probability to a Bystemlo action) in 1.8 per cent of the patients The safety 
of the intensive method of digitalization with 1.25 mg of dlgi toxin given at one 
tune eeema therefore to bo established 
Many patients can tolerate and some require larger doses, but materially 
larger doses at one time are not appropriate for routine purposes This was 
determined In a senes of 98 patients each of whom received a single dose of 
2.0 mg of digi toxin In this group 32 per cent developed minor toxic effects, 
gastro-mtcstlnal symptoms (21 per cent vomited in an average of 6 hours and 
1 1 per oent had only nausea beginning in a few instances as early as 15 minutes 
after the doae) Most of these cases undoubtedly represent systemic toxicity 
As to the therapeutic efficacy of the 1 25 mg dose of digi toxin, our expencnce 
shows that it camcs the process of digitalization fairly for along in most patients 
with auricular fibrillation and moderate grades of heart failure What this 
dose represents m terms of digitalis leaf was established in two ways By one 
method, the effectiveness of digi toxin by oral administration in man was com 
pared with that of digitalis leaf in the human method of assay described in 
1942 (10) The digi toxin was tested against the U.S.P Digitalis Reference 
Standard 1942 m six calibrated subjects with regular sinus rhythm using the 
changes in the T waves of the electrocardiogram as the basis of comparison. 
Tho results of this assay are summarized in table 1 By this method it was 
found that 1 mg of digi toxin exerts the effect of approximately 1 gm of the 
current UB.P digitalis by oral administration in man 
By the second method the potency of digi toxin was compared with that of 
digitalis in terms of the reduction of the ventricular rate m patients with auncu 
lar fibrillation The results of these comparisons are presented m figure 5 
The experiments were earned out in the manner described above for figure 2 
The curve for digitalis represents the average of 24 courses of digitalization in 
9 patients with 8 specimens of digitalis (leaf and tincture) The average dose 
was 108 cat units n given at one time the equivalent of 1.23 gm U.S.P 

In many of the rroent obeerratiaitt the doee actually used was 1 2 mg which waa 
found to be clinically lndUtingulahable from the 1.25 mg doee 

1 Fatal do*e per kg when Injected by the method described In the U.S.P XII 
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■“Digitalis Reference Standard 1942“ (11) The second cun e represents the 
average of 13 courses of digitalization in 9 patients with 1 25 mg digi toxin 
Four of the patients are represented in both cunes The average ventricular 
rate before the drug was 132 in the case of digitalis and 136 m the case of chgi- 
toxin The average fall of the rate as the result of the dose was 58 beats a mm- 


TABLE 1 


Human assay of diystoxin 



Tia 6 Comparison op Digitoxin (N) and Digitalis bt Oeal Administration in Pa- 
tients with Auricular Fibrillation 

Time following the dose is spaced logarithmically Note that the 1.25 mg of digitown 
produces the same effect as approximately 1 25 gm of digitalis by oral administration 
in man 


•ute in the case of digitalis and 61 m the case of digi toxin The results, using 
-the therapeutic action on rate, therefore, confirm the relative potency of the 
-two shown by the method using the electrocardiogram, namely a ratio of ap- 


^Itnmybe notaHhat the two curves are practically identical throughout their 
•course indicating that therapeutically comparable doses of digitoxm and dip 
tabs are similar with respect to the speed of absorption and elimination They 
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arc sufficiently alike to suggest that the action of oral digitalis may be due to its 
most absorbable fraction, namely its content of digi toxin. 

Since digitoxin is approximately 1 000 times as potent by oral administration 
In man as the current TLS P digitalis the single dose of 1.25 mg of digitoxin 
produces the effects which maj be expected from a dose of approximately 1 .25 
gm of digitalis Such a dose of digitalis is not much smaller than the total 
amount (about 1.6 gm ) of digitalis recommended in the various fractional dose 
methods (12 13 14) However it has already been shown m our previous 
study (6) and by others (16) that such a dose m the form of digitalis or its 
tincture cannot be given at one time since it causes gastrointestinal symptoms 
in about one-fifth of the cases, m the majority due to a local irritant action, 

It was shown several years ago (16) that the cumulation of digitalis is a self 
lim iting process and that it Is poesible to induce full digitalixatlon by the dally 



Fia 0 ComYB or Drarrorcf (W) Cuirumnow 
Average of 26 count* in 17 ambulatory pa hen t* with auricular fibrillation Figure* 
■at point* indicate number of eaaet represented 

repetition of a small dose which may then be continued as the dally maintenance 
dose This has been shown to apply to Digitakne Natavelle (1) Figure 0 
shows the characteristics of this phenomenon for digitoxin m terms of the aver 
age of a group of patients The curve Is based on the results of observations in 
17 adult ambulant patients with auricular fibrillation and heart fall ore m at- 
tendance at the cardiac clinics. All the common etiological varieties of heart 
disease are represented The patients rested about an hour before the ventricu 
lar rate was counted at the apex They received a supply of tablets of 0 1 
mg each and were Instructed to take 2 tablets every evening Thej were 
usually re-examined at intervals of a week, Tho curve represents the average 
of the results In 26 courses of treatment. It may be noted that by the daily 
administration of 02 mg of digitoxin the ventricular rate in patients with 
auricular fibrillation declined gradually from 124 to 80 in about 3 weeks and 
continued to maintain that level during the subsequent period of 10 weeks in 
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which the same daily dose was taken When the drug was discontinued the- 
rate began to mount reaching the control level m a penod of about 3 weeks 

Observations on the daily maintenance dose were made in these ambulant 
cases Of 19 patients receiving a daily dose of 0 2 mg , three developed nausea 
and/or vomiting (16 per cent) One that received 0 4 mg daily developed 
vomiting and of 8 that received 0 3 mg daily three developed vomiting (37 6 
per cent) The dose of 0 2 mg seems to be the most satisfactory daily mainte- 
nance dose for routine use 

It is our practice in the use of digitoxm in the undigitahzed patient to give 
1 2 mg at one time and follow this by a daily maintenance dose of 0 2 mg 
The small daily dose not only serves to maintain the effects but also to com- 
plete the full digitalization in those cases in which the initial dose by itself 
proves inadequate Very susceptible and very tolerant patients, and those- 
under the partial influence of digitalis require corresponding adjustments in. 
dosage 


SUMMARY AND CONCLUSIONS 

1 This report deals with experience in the use of digitoxm in more than 
1000 patients with heart disease, of which 722 were employed in experiments 
designed to throw further light on the behavior of digitoxm in man 

2 A dose of digitoxm is equally as effective by oral as by intravenous ad- 
ministration in man This indicates complete absorption 

3 Digitoxm is approximately 1,000 tames as potent as current U S P digitalis- 
leaf by oral administration m man, 1 mg of digitoxm produces the effects of 
approximately 1 gm of digitalis 

4 Evidence is presented which shows that the human method for the assay 
of digitalis materials, using the changes in T-wave of the electrocardiogram as 
a measure, tests their therapeutic activity 

5 The characteristics of the curve of digitoxm cumulation and elimination 
are similar to tho3e of digitalis 

6 The most favorable maintenance dose of digitoxm for routine use is 0 2 
mg daily 

7 A dose of 1 2 mg of digitoxm may be given at one time with complete- 
safety It produces the therapeutic effects of approximately 1 2 gm of digi- 
talis The incidence of min or toxic effects is negligible with this dose, whereas 
its equivalent in the form of digitalis cannot be given at one time because of the 
frequency of gastro-mtestuml irritation 

8 The present study confirms our previous reports to the effect that digitoxm 
provides a safe means for rapid and intensive digitalization starting with a 
large single dose This dose, 1 2 mg , suffices to produce full digitalization in 
the average patient with a moderate degree of heart failure This method is 
recommended for routine use to replace the much slower techniques of digitaliza- 
tion with the smaller fractional dose methods required in the case of digital is 
leaf or its tincture 
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The increasing use of isopropyl alcohol m the form of rubbing alcohol has 
created certain opportunities for human consumption The acute and chrome 
effects of the alcohol in experimental animals has been desenbed by Lehman and 
Chase (1), but comparatively httle is known regarding its metabolism Pohl 

(2) was among the first to show that acetone is a metabolic by-product The 
rate of metabolism has never been quantitated although Moms and Lightbody 

(3) suggest that this is a slow process Because of the negative character of the 
known facts concerning the metabolism of isopropyl alcohol it was deemed 
desirable to investigate this phase of the problem as a part of a systematic 
pharmacologic study Certain observations have been made on the rate of 
disappearance of isopropyl alcohol from the blood stream of dogs following 
intravenous and oral administration and the present paper presents the results 
of such a study 

Procedure Isopropyl alcohol was administered intravenously and orally 
to normal fasting dogs For the intravenous injections the alcohol was diluted 
to a concentration of 20 per cent in 0 9 per cent sodium chloride solution and 
given by gravity into a leg vein The rate of flow was approximately 0.25 cc 
per kilogram per minute The total dose ranged from $ to } of the intravenous 
fatal dose previously established under similar conditions (1) and represented 
0 64 cc to 3 84 cc per kilogram of absolute alcohol For the gastnc adminis- 
trations a 25 per cent ddution of the alcohol in warm tap water was employed 
in doses ranging from J to J of the gastnc fatal dose (1) and represented a total 
quantity of 0 93 cc to 3 75 cc per kilogram of absolute alcohol In all instances 
one hour was allowed for equilibration between the blood and tissues, or for 
absorption Blood samples w'ere taken at appropnate intervals for alcohol 
analysis 

The concentration of isopropyl alcohol was determined in blood and body 
fluids by distilling off the alcohol under reduced pressure into a solution of 
potassium dichromate in strong sulphuric acid The reduced dichromate was 
estimated lodometncally All reagents and procedures w ere identical with those 
as desenbed by Newman (4) for the determination of ethyl alcohol with the 
exception that one cubic centimeter of N/40 thiosulphate is the equivalent of 

1 This report is part of the project which involves a complete pharmacologic investigation 
of isopropyl alcohol and is supported by the Standard Alcohol Company of New York, 
through courtesy of Mr James Park 
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0 7507 mgm of Isopropyl alcohol A check on the accuracy of the method as 
determined by analysing definite concentrations of the alcohol in water and 
blood showed that 96 per cent to 104 per cent was recovered using 1 cc samples 
and m a range from 12 to 342 mgm. per 100 cc All analyses of blood samples 
from experimental animals were made in duplicate and reasonable checks were 
obtained. 

Rate or tall in the blood stream after intravenous administration 
Ninety-eight observations were made on 12 dogs. The individual curves for 
each of 3 dogs given i i i and j of the fatal intravenous dose and averages ore 
presented in figure 1 The average degrees of drunkenness for each group are 
also shown as determined by the method of Newman and Cord (6) It Is seen 
that there is some Individual variation in the blood alcohol cun es, but more 
Important is the fact that the rate of decline of isopropyl alcohol is related to the 
concentration m the blood. This is in contrast to ethyl alcohol which disappears 
at a constant rate so that the cune of blood alcohol is linear as pointed out by 
Widmark (6) and others When Widmark a factor Beta or rate of fall of blood 
alcohol m milligrams per cubic centimeter per minute, was calculated for iso- 
propyl alcohol it was found that this varied from 0 001 for the lowest doeo to 
0 003 for the highest dose This Indicates that the rate of combustion is not 
directly proportional to the concentration and other fnctora must operate to 
remove the alcohol from the blood During the course of theso experiments 
saliva vomitus and unne were analysed whenever specimens could be obtained 
Specimens from one dog which received \ of the intravenous fatal dose con 
tained high concentrations of isopropyl alcohol Vomitua obtained 3 hours after 
Injection contained 311 mgm per cent, unne samples at I 6 and 7 hours after 
injection gave values of 328, 213 and 239 mgm. per cent and saliva collected 
during the injection period reached 356 mgm. per cent Thus it la evident that 
isopropyl alcohol is lost not onl} through the kidneys but is eliminated by other 
secretory and excretory organs os welL 

The minor rolo of the kidneys in this excretory process was demonstrated by 
the following experiment The blood alcohol was followed m 2 dogs before and 
after nephrectomy The results are presented In figure 2 Dog 1 received } of 
the fatal intravenous dose or 1.23 cc. per kilogram and dog 2 was given J the 
fatal intravenous dose or 2.50 cc. per kilogram intravenously before and after 
removal of the kidneys The highest blood alcohol value attained by dog 1 with 
the kidneys intact was 100 mgm per cent at the end of the first hour This fell 
to 34 mgm per cent m 8 hours, or a total fall of 06 mgm. per cent In the same 
nrnmal after nephrectomj the blood alcohol reached 97 mgm per cent by the 
second hour and dropped to 36 mgm per cent in 8 hours or a fall of 61 mgm, 
per cent which is almost identical with the total for the normal dog 

In dog 2 tho maximum blood alcohol concentration for the normal animal was 
229 mgm per cent which fell to 131 mgm per cent In 8 hours or a total decline 
of 98 mgm per cent When tho kidneys were removed the blood alcohol at- 
tained a value of 281 mgm per cent at the end of the first hour and fell to 178 
mgm per cent in 8 hours. Hus wns a total drop of 103 mgm. per cent which 
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Fio 1 Blood Isoproptl Alcohol Concentrations and Decrees or Drunkenness as 
Plotted against Time after Intravenous Injections op Proportionates 
OF THE IVTRA VENOUS (I V ) FATAL DOBE 

The heavy line is the average of blood alcohol concentration for tho 3 dogs m each group 
Degrees of drunkenness are also averages 

again approximates the value for the normal dog In both animals a higher 
concentration of isopropyl alcohol was maintained during the observation period 
after removal of the kidneys but the general slope of the curves was about the 




ISOPBOPTL ALCOHOL 


199 


same This indicates that there arc other channels of excretion which include 
the stomach and sain ary glands as already pointed out. 

Rate of fall after oral administration Isopropyl alcohol was admima 
teml gastncally to 9 dogs, or 3 dogs on each dosage schedule of J } and J the 
oral fatal dose (1) which represented 0 93 cc. to 3 75 cc per kilogram of absolute 



Via 2. Rats or DieArrr.AUAXCK and Cokciktaatiox or Iaoraorn, Axcohol nr the 
Blood or Normal axd Ninikectouixid Doot Foixoinwa Ihtbaterous 

IxjEcnos* 

Do* 1 received l of the faUIintravenou* do*e or 1.28 cc per kflofram and dog 3 received 
} the laUI intravenone doeo or 2J% cc per ktlofrem 

alcohol Figure 3 presents the individual curves for each dog It is apparent 
at ones that absorption as reflected b\ the blood alcohol concentrations, takes 
place rapidl} Most of the dose is absorbed within 30 minutes nnd was even 
comploto m one dog on the highest dose within that period although 1 to 2 hours 
wero required for maximum diffusion throughout tho tissues m the majority of 
animals Blood alcohol concentrations varied considerably both as to groups 
and to individual animals in each group These vnnationa arc greater in extent 
than those obsen, cd with ethyl alcohol as demonstrated bj tho curves presented 
bv Newman and Card (6) A possible explanation might be that the alcohol is 




200 ARNOLD J LEHMAN, HENRT SCHWBRMA AND ELEANOR RICKARDS 

Absorbed but re-excreted i n to the stomach "where it is EgaiD absorbed, creating 
fluctuations in the blood alcohol curves The high alcohol content of vomitus 
obtained from dogs given intravenous injections of the alcohol -could tend to 
support this assumption The blood alcohol in the dogs which received the 
highest dose, or $ the gastnc fatal dose, approached zero at the end of 24 hours 
The slope of the curve had a tendency to reach a plateau and fall more slowly 
as the alcoholenua reached a low level The rather short sojourn of isopropyl 
alcohol in the blood does not support the contention of Moms and laghtbody 
(3) who suggest that the alcohol is slowly detoxified 
Intoxicating effects It was previously reported that the general effects 
of isopropyl alcohol on the central nervous system were similar to those of ethyl 



alcohol (1) To further test this similarity the degrees of drunkenness were 
correlated with the blood isopropyl alcohol concentrations in the dogs which 
received the alcohol intravenously This is presented in figure 1 It is seen 
that each SO mgm per cent of blood isopropjl alcohol is about the equnalent 
of 1 degree of drunkenness according to Newman’s scale Only an approximate 
comparison can be made with ethyl alcohol, but it may be said that blood ethyl 
alcohol must reach about twice that of isopropyl alcohol for comparable degrees 
of drunkenness This is m substantial agreement with their relative toxicities 
Metabolic by-products such as acetone have been suggested as contributing to 
the depressant effects of isopropyl alcohol Qualitative tests for acetone were 
positive in many of the bloods and unnes of the dogs used in this study but the 
feeble narcotic action of the ketone can scarcely be considered as a contributor? 
factor Quantitative studies of this phase of the problem will be reported in a 
separate communication 
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CONCLUSIONS 

1 Isopropyl alcohol in blood and body fluids may be estimated iodometncally 
by a method similar to that employed for ethyl alcohol 

2 Tbe disappearance of isopropyl alcohol from the blood stream of dogs alter 
intravenous administration of a single dose does not proceed at a constant rate 
and the rate of combustion is not directly proportional to the blood concentration. 

3 The rate of disappearance of isopropyl alcohol from the blood Is depend 
ent upon the functional efficiency of all excretory organs as high concentre 
bans were found in saliva, unne and stomach contents fed! owing intravenous 
administrations. 

4 Isopropyl alcohol is rapidly obeorbed from the gastrointestinal tract and 
distribution to the tissues can occur within thirty minutes to one or two hours. 

5 The narcotic action of isopropyl alcohol is about twice that of ethyl alcohol 
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THE VALUE OF THE GUINEA PIG CORNEAL REFLEX FOR TESTS 
OF SURFACE ANAESTHESIA 
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EftoeSr^d for publication Juno 1 1944 

The search for tests of local anesthetic activity that could throw light on the 
suitability of a local anaesthetic for specific therapeutic purposes has been largely 
responsible for the development of the methods at present in use They are the 
guinea pig wheal test (1, 2,8), intrathecal injection into the frog (4) and the rab- 
bit (5), and the rabbit corneal reflex test (8) 

These testa suffer from two serious disadvantages First they have not proved 
suitable for development even to that degree of quantitative accuracy achieved 
by most accepted methods of biological assay Secondly by concentrating on 
overall effects two of them, at any rate can throw little light on the exact nature 
of the local anaesthetic action involved Nevertheless such teats have a real 
qualitative value because they reveal immediately whether or not a substance 
acta in the living body and also whether it produoee undesirable side effects 
But the anaesthetic action so revealed depends on a complex of factors any one 
or more of which may affect the potency of the drug, and it Is therefore, in our 
opinion unfortunate that much effort has been devoted to attempting to give 
theee qualitative tests a quantitative basis 

The wheal test in the guinea pig is in many ways the least satisfactory The 
entenon of response is as indefinite as the stimulus is variable furthermore the 
action of a drug like oocaine Is in this teat complicated by its vasoconstrictor ef 
feet which can be more accurately studied separately The method of intra 
thecal injection into the frog has hitherto been the best available for assessing 
quantitatively the effect of local anaesthetics on myelinated nerves It has now 
been replaced on the one hand by Bennett’s (7) test and on the other by the rab- 
bit test of Bieter (6) ei al for spinal anaesthesia and is thus no longer of much 
interest 

Bennett introduced his test to measure reversible interference with nerve 
impulses by the reduction of the a-wave action potential m an isolated myelinated 
nerve The method is not only suitable for assessing the rate at which the 
anaesthetic penetrates through the nerve sheath — an important factor mfluenc 
ing both intensity and duration of local anaesthesia at different sites m the 
body ,■ — but also constitutes a successful attempt to measure the fundamental 
pharmacological action of local anaesthetics The conditions of the teat can be 
ngully controlled unlike those carried out on the bung animal which need 
statistical evaluation The property studied by Bennett undoubtedly plays its 
part when a local anaesthetic acts in nro but there is in our opinion, still need 
for tests of infiltration and surface anaesthetic action on the live animal capable 
of some degree of quantitative accuracy Bieteris teat, well suited for its specific 
203 
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purpose, is only legitimately to be used for the investigation of spinal anaes- 
thetics 

Several workers (8, 9, 10) have compared the local anaesthetic activity of 
closely related chemical compounds by the methods discussed above, but no at- 
tempt has been made m them to evaluate the activity with greater accuracy than 
that achieved by arbitrary methods of scoring For such comparisons, now that 
the study of local anaesthesia has become a branch of chemo therapy, quantita- 
tive methods of tn vtvo test are urgently required It is generally recognised 
that the action of a local anaesthetic, like that of many other drugs, frequently 
involves penetration of a biological interface, and conditions for studying this 
would appear particularly favourable in the cornea This accounts for past 
attempts to use suppression of the corneal reflex m the rabbit as a measure of 
surface anaesthesia TTnfortunately, although this is the only method developed 
for the purpose, it has not been successfully standardised and has not withstood 
statistical examination 

The comments of other v\ orkers support what we have said about the accuracy 
of the wheal and corneal tests 

H K Sinha (1 and 2) states that “a comparison of the activity of two anaes- 
thetics can be obtained from three or four experiments in the case of the rabbit’s 
cornea or the human wheal" but that “in general a high degree of accuracy can- 
not be obtained with these tests and they are chiefly serviceable in measuring 
gross differences m activity ” 

T H Rider (3) comments in much the same way' on the corneal reflex of the 
rabbit, when he concludes that “satisfactory standardisation of compounds can 
be made only on. the group of rabbits which react normally since at least one 
half of the rabbits tested have given a cocaine anaesthesia 10 to 15 minutes shorter 
than the average value of 27 minutes ” 

The cornea, however, provides the ideal site for the measurement of surface 
anaesthetic action, for it is free of special sensory cells, the nerve endings are free, 
unsheathed and mbedded m the layers of the cornea and the drug consequently 
has a single uniform membrane to penetrate, after which it is in direct contact 
with sensoiy nerve fibers The cornea is, moreover, free of fluid channels and 
blood vessels 

Macintosh and Work (9) used the corneal reflex of the guinea-pig to rnv esti- 
gate the local anaesthetic activity of aminoethyl derivatives, but gave no indica- 
tion of the accuracy of their method 

Preliminary investigations satisfied us that, as found by Macintosh and Work 
(private communication), guinea-pigs show a more regular reflex response, both 
normally and w hen anaesthetised, than do rabbits We then earned out a num- 
ber of expenments based on Latin square designs, with a view to detailed statis- 
tical analvsis of the responses shown by each species to each of three different local 
anaesthetics 

Local anaesthetics may be compared for two properties, effective concentra- 
tion and duration of effect These tw o properties may be, and in practice often 
are related Nevertheless it is valuable to distinguish between them when 
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assessing the properties of local anaesthetics. In this paper we are pnnmrfl} 
concerned with the assessment of surface anaesthetic potency and not of the dur- 
ation of action 

The three local anaesthetics used in this investigation were the hydrochlorides 
of cocaine which we have regarded as a “standard ’ amethocaine (p-butyl 
am in obento} ldimeth} laminoethanol) and procaine (BP) We have studied the 
median effective doses (ED 50) of the three anaesthetics on both species as well 
as the slopes of the dosage-response curves We have related these values to 
their standard errofs for different periods after administering the drug for two 
different dose ratios and for left and nght eyes considered separate!} and we have 
also token into account any effect of one dose on the animals response to a later 
dose It ma} be said here that we have been unable to \ enfv T H Rider’s 
statement (3) that such an effect is produced by cocaine hydrochloride This 
will be made clear when we report elsewhere details of the statistical analysis 
Further no significant difference could be found between the left and nght eyes 
of guinea pigs 

Examination of the six teste showed that the probit percentage responses as 
defined below, bore to log doses a linear relation over a remarkably wide range 
and that there was no significant departure from linearity Furthermore the 
slopes themselves were highly significant, in each instance the ratio of 6 to ^ was 
over 9 

Consideration of the time relationship led to the standardisation of technique 
m the manner described below where we give precise details of the method used 
in carrying out an estimate of the potency ratio of two different local anaes- 
thetics Conditions for testing the surface anaesthetic potency of a local anaes- 
thetic are a constant minimal stimulation combined with a suitable fixed interval 
of time The procedure used for these investigations consists of instilling a 
quantity of the anaesthetic, dissolved in. saline solution under the eyelid and 
recording the presence or absence of the reflex blink after suitable stimulation a 
applied to the surface of the cornea. 

The cornea was stimulated once a minute for a fixed period of time after instil 
lation the response was recorded as the number of tunes the animal failed to 
blink as a result of the stimulus The period used for the comparison of the 
rabbit and tho guinea pig was fixed at five minutes permitting five separate 
stimulations to be made. The suitability of this period of time was established 
by plotting the total number of responses occurring at minute intervals after 
instillation of the local anaesthetic in concentrations that induced the whole 
range of responses It is seen that the maximum effect is induced two minutes 
after the application of cocaine hydrochloride to tho guinea pig cornea and five 
minutes afterwards in the rabbit Is o appreciable diminution of the effect occurs 
in tho guinea pigs until after five minutes however and this was therefore chosen 
as the most suitable interval of time during which to compare effects on the two 
sped oe 

It is clear that an Increase m the number of observations which ordinaril} 
diminishes the error of the mean observation of a group may In tests on local 
anaesthetics be accompanied b} a falling off in the effect of tho anaesthetic if 
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this effect has previously reached a maximum The best time at which to end 
readings depends, therefore, on a compromise between two opposing factors 
It is possible that the nccuracy of the test could be increased b> increasing the 
number of obsen ations in a given time, though it is doubtful whether much more 
than a 50 per cent increase in this number could in practice be made, and this 
w ould not ha\ e a very marked effect on the standard error of the mean Further- 
more, as we hope to demonstrate, the error of this test is so low, owing to the 



Fio 1 Effect of Time oh Corneal Response to Cocaine Htdbochlobide 
Vertioal axis Average number per minute of “responses” (seo text) for six different 
doses to six animals Horizontal axis Time (in minutes) after instillation 

unexpectedly regular behaviour of guinea pigs, that we believe it to hat e nearlj 
reached the limits imposed by biological t anabilitj 
Nature op stimulus A constant stimulus was applied bt a horsehair 
mounted in a glass rod This was pressed against the center of the cornea in 
such a waj that the hair was bent approximate!} to the same extent at each 
application 

Volume of doses Lesser (6) demonstrated that the optimal auaesthesia 
measured m terms of the product of the duration time and threshold rise m a olts, 
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using electrical stimulation was obtained with a minimal quantih of 0.8 ml of 
the solution containing the anaesthetic but he does not saj for how long this 
quantih was allowed to remain in contact with the e\e 
Sinha (2) also maintains that the quantity of the dose is important He 
states that small amounts applied to different parts of the cornea give different 
results and that therefore total flooding of the ey e is necessary He leat es the 
solution in contact for five minutes and states that the mfeno-poetenor quadrant 
is more trustworthy than other parts of the cornea 
The methods used by these authors m\ohe the expenditure of a considerable 
amount of time and are sometimes complicated We therefore decided when 
making the comparison of the two species for suitability os test animals to use a 
technique that would not involve excessive delay m applying the drug The 
guinea pig unlike the rabbit has only a Bmall space between tho lids and the 
cornea, and it was therefore found necessary to use the amount that could be 
applied directly to the surface while holding the lower lid free to allow the fluid 
to run doUn between the lid and the cornea This was for the guinea pig ap- 
proximately 0.06 ml 

Dcicmmoji or fhochduxe Six adult guinea pip ore arranged Jn a row on the bench 
facing the operator Standard bench clamp* are supported on a horizontal bar above the 
guinea pip Each guinea pig is held lightly by these clamp* which exert prereure on the 
flank* and ellghtly comp re** the abdomen po*terior to the costal margin* On the tint 
occasion the animale may be somewhat restless but they will *oon become accustomed to 
the treatment and will thereafter remain quiet 

The solution* containing the different concentration* of atandard and teat tube la nee* 
are arrangod In rial* next to the guinea pip and are taken up Into a dropping tube from 
which they c*n be applied rapidly to the surface of the cornea Thi* i* done by allowing a 
drop to nm cm to the oorneel surface *o that the apace between the eyelid* contains a 
rl early visible film of the eolation Thi* can be repeated aeveral times without causing the 
animal to blink as a result of the application and ensure* that the fluid remain* 1 q contact 
with the cornea for at least two second* If It U expelled instantaneously by a reflex 
blink then a second or if necessary a third application is made The first stimulant is 
applied to each eye after the lap*e of approximately 45 seconds from instillation Th* 
stimulus i* then repeated each minute on each eye 

The number (and percentage) of responses— that Is failure to exhibit the reflex blink — 
U recorded for each animal and each do«* the two eyes being taken a* Identical eo that ten 
observations ore obtained during a five minute period for each animal and each do«e The 
mean percentage response for each dosage group is recorded and the standard errors of the 
problt* of these mean responses are calculated in the uiual manner — by variance analysis 
If a faetonal distribution of dose* and animal* has been used or by use of the mean vari 
a nee of a single observation assuming \ ariance to be independent of response level 

For calculating the values of the median effective do*e or of potency ratio when two or 
more substances are being compared In a simultaneous test we use the ordinary problt 
percentage aa the measure of response and the logarithmic dooe as the controlled variable 
Calculations follow by the usual modification of the method of least squares such aa tho*e 
described by Irwin (11) The error of the test can be calculated hr the method given m 
Irwin s paper when the ratio of 6 to is over 5 otherwise the more precise formula for 
fiducial limits is better employed In this connection it is worthv of note and somewhat 
remarkable that we have never found any significant difference between the guinea pigs 
used in thi* test Since the order of dosage also make* no significant contribution to the 
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error of test, a very simple experimental design can be used, provided the Btoch of animals 
has been found to show the same uniformity in response as occurred during our experiments 
No strict balancing of doses against animals or order of administration is necessary 

The proof of any biological test method lies m the assay Having made a 
provisional comparison between the activities of three anaesthetics on both 
guinea-pigs and rabbits, and having selected the former animal as more suitable 
for assay purpose, we therefore earned out an independent test on six previously 
untreated guinea-pigs, companng the three anaesthetics each at two dose levels, 
intended to lie on each side of the ED 50 as estimated earlier, when m\ estigating 
the dosage response relationships The results of these tests are gn en in table 1 

TABLE 1 


The Median Effective Concentrations, E (in milligrams per millilitre of aqueous solution 1 of 
the Hydrochlorides of Amcthoca me, Cocaine and Procaine as Surface Anaesthetics 



AM TTHOCAINE 

COCAINE 

PEOCAIWE 


I 

n ; 

I 

11 1 

I 

II 

E 

True fiducial limit* of E, for, 

0 68 

0 66 

2 16 

2 63 

35 6 

26 0 

P - 0 95 

Slope of dosage response curve 


0 30-0 67 

1 86-2 48 

1 73-3 61 

29 H5 2' 

12 6-29 0 

± its standard error 

2 03 

v under 

2 74 

2 14 

1 62 

r under 



cocaine 

±0 23 



cocaino 


The senes I refers to the separate determinations of dosage-response relationships the 
expenmente with cocaine were earned out five weekB before those with procaine and six 
weeks before those with amethocamo The senes II refers to the “six-point” assay ear- 
ned out contemporaneously (somo eight months later) on all three compounds m this senes 
the value of b, and its standard error, is the same for all three substances because it was got 
from all six groups of animals, statistical analysis having shown that the three contribu- 
tory values of b did not differ significantly (x* — 3 3, n — 2, p — 0 19) 

For purposes of comparison we have also included the figures obtained during the 
earlier and more detailed investigation It will be seen that the agreement is on 
thewholegood We are satisfied that the "six -point assav,” earned outbydirect 
comparison of the three substances, gives the more accurate estimate of their 
relative activities, because the doses were given and the responses were evoked 
more or less contemporaneously On the other hand, owing to the exploratory 
nature of the earlier investigation into the dosage response relationship, the ex- 
periment with procaine was done some five w r eeks later than that with cocaine, 
which was followed a week later by the experiment with amethocame 

In view of what has been said at the beginning of this paper, it is not surprising 
that accurate statements as to the relative “activity” of different local anaes- 
thetics are not easily to be found in the literature It is believed that the work 
here reported represents the first attempt to evaluate in reasonably quantitative 
terms a particular type of local anaesthetic activity shown by three different 
compounds It will be seen that procaine, as is well known, is much less actu e- 
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that is it is effective in a given time only at a much highe 
cocaine the potency ratio being approximately 1 to HL 
came os one had reason to believe from the literature, n ctr 
in the defined sense, than cocaine In the six pomt iss 
to be 4 7 to 1 In view of this fact we regard vague gene 
that ‘ amethocaine is tea times as active as cocaine” t< 
foundation, but we are satisfied that in its effect on th* p 
at an\ rate amethocaine is between four and five font i 
which is m turn between fifteen and twenty times as effec 
In comparing the usefulness of drugs for a particular pha 
it is desirable to compare their therapeutic indices that i 
to effective doses This index may be given a mr 
defining it as the ratio of the median toxic dose (LD 50; i 
dose (ED 60), effectiveness being considered in terms of t 
cological property Unfortunately as with these local c 
difficult or impossible to determine values of both LD 50 z 
species of animals The ton cities of amethocaine coca: 
already been evaluated for mice in these laboratories tnr - 
corresponding values for guinea pigs similarly, value? c 
only for guinea pigs and rabbits and those for the V>- 
factory It is of doubtful validity to argue over d astir Ir 
established for one species to the probable index for ancrll 
Is needed in transferring the value of a therapeutic 
species to y et a third Nevertheless if we wish to t\r 
safeties of these three local anaesthetics to men we lsrv*- 
mice and guinea pigs at our disposal 
If then with these provisos m mind w© define the iu^re 
compounds as the ratios of the LD 50 for mice to IV I 
remembering also that the former is expressed as unit \ ■+■ 
weight and the latter as unit weights per unit volume tn^ 
make on this basis a comparison of the relative safety 
Bacharach A Middleton (12) found the relative toxic:.^ 
caine to procaine tobe45to3tolby the intrarc. 
relative values of LD 50 as A C P — 200 300 900 z , 
we have found the relative values of ED 60 to be A 
division it follows that the rtlaiirt values of the tbert>* 

— 10.3 3.3 1 Thus amethocaine would appear ol >> 
three times os safe as cocaine and some ten time** r 
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THE EVALUATION OF THE ASSAY OF VITAMIN P BY MEANS OF 
THE EFFECT OF LOW PRESSURE ON MICE 1 

ANDRE C KUBRICK xxd ARTHUR E QOLDFARB 
From tXt Department of Chemietry tie re I ort Unhem ly Collect of Uedtdne Net* York 
Received for publication December 29 1048 

About two years ago Majovaki Leaser, Lawson, Came and Thienes (1) 
devised a method for the assay of vita min P in various preparations.* The test 
consisted of expoem g mice for one minute to a low atmospheric pressure and then 
examining them for signs of pulmonary hemorrhage While nearly all of the 
animals died, it was claimed that in those previously fed preparations containing 
the supposed vitamin the hemorrhage was not so extensh e as m the controls 
We haw followed the original experimental procedure and have observed 
that a certain type of injur} developed in the lungs of mice that hod recently 
token food whereas it did not appear in the lungB of animals that had been 
deprived of food. These results will be presented m detail in a later publication 
In the present paper wo wish to discuss the nature of the Injuiy to the lungs 
observed in mice sod deni} expoeed to low pressure and the supposed effect of 
previous feeding with various preparations upon the incidence of such injuries 
Upon gross examination the lungs of some of the mice that succumbed to tho 
sudden reduction in pressure had a hemorrhagic appearance while those of 
others were pale and, except for occasional small areas, nan-hemorrhagic in ap- 
pearance Microscopic examination by Dr S WHens to whom we are greatly 
indebted for permission to report his findings disclosed the following 

The lungs which upon gross examination had a hemorrhagic appearance 
showed the following changes. The air spaces were almost completely collapsed. 
The alveolar septa were folded and approximated against each other They 
were relatively thickened and them capillaries increased in diameter and filled 
with blood In the interstices of these collapsed alveoli i.e the remnants of 
the alveolar spaces a few extravasated erythrocytes could be seen In some 
instances the amount of free blood was greater and the lungs were studded 
with petechial hemorrhages but there was never massive hemorrhage and the 
bronchi never con tamed blood. The larger blood vessels were marked!} 
engorged. 

‘The lungs which upon gross examination were pale and non hemorrhagic 
in appearance differed from those m the preceding group in that the alveoli were 
still expanded Small areas of atelectasis were sometimes encountered and these 
resembled the tissue described abov e For the moet part howev er the alveolar 
sacs were distended with air The alveolar walls were thin The ah eolar capil 
lanes were compressed and relatively bloodless Free blood in the air passages 

1 ThU reaearch was aupported by The California Fruit Grower! Exchange Research 
Fund ol the College of Medicine New York Univeraity 

* Wo wish to acknowledge our indabtedneaa of Dr C H. Thlene* for famUhlng tu with 
the dotal U of thU work prior to lt» publication. 
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was only rarely seen A few of these animals show ed areas of pulmonary edema 
The larger blood vessels were similar to those m the first group Neither group 
showed traumatic changes such as rupture of alveolar septa ” 

Regardless of whether the lesions obsert ed were true hemorrhages, their inci- 
dence might ha\ e been affected by the previous administration of preparations 
of the supposed vitamin We did not find this to be the case Possible reasons 
for the difference between our results and those of Thienes and his associates will 
be discussed later 

Experimental White mice varying in weightfrom 15 to 18 grams were used 
Males and females were kept separate!}', but sex, apparently, did not influence 
the results We used four different strains of mice, which were purchased from 
four different dealers They were fed on the same commercial prepared food 
(Fox Food Blox) 1 The source of the animals seemed to have no effect on the 
results of the tests, nor did such variations in room temperature as we encoun- 
tered (20-27°) 

Three senes of expenmen ts were conducted In Senes 1, the mice were taken 
directly from stock cages containing food In Senes 2, the animals had fasted 
over night In Senes 3, w e used previously fasted mice w hich had been allowed 
to feed for one hour on the commercial food To the mice from all three 6enes, 
the experimental matenal was administered by stomach tube, either in solution, 
or m suspension The animals were then placed m cages where they had access 
to water but not to food The tests were then made after from one to two hours 
had elapsed. 4 We used, as controls, mice w hich had received 0 9 per cent sodium 
chlonde and mice which had received no fluid by stomach tube The results 
obtained with the two kinds of controls were essentially the same, and were 
combined 

The apparatus consisted essentially of four parts a vacuum pump, two emptj 
commercial gas tanks of about 30 liters combined capacity, a vacuum manometer 
and a small desiccator These were connected b> pressure tubing To operate, 
the pressure m the tanks was adjusted to 30 mm of mercury, with the desiccator 
shut off from the rest of the system by means of a three-w aj stopcock Usually 
six mice were then placed in the desiccator, and the stopcock was opened to the 
resen oir tanks About 15 seconds were required for the pressure in the entire 
system to come to 70 mm At the end of one minute, air was readmitted to the 
desiccator Atmospheric pressure was reached m about fixe seconds The 
mice were then allowed to remain in the desiccator f6r one minute longer 

About one per cent of the animals survived tho tests and were arbitrarily 
assumed to ha\ e sustained no injury to the lungs The dead mice w ere examined 
immediately We used two methods for evaluating the extent of the lesions, 
both based upon a gross examination of the pleura of the lungs In Method 1, 
which is tha t of Thienes and his, associates, the percentage of altered tissue was 
estimated, and the average for each group reported Since the lungs fell into 

> Allied Mills, rnc .Chicago, 111 , _ . 

* In tho work of Thienes et al it is reported that the most marked effects were obtmne 

one and two hours after administration 
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two f&iriy distinct groups one with small amounts of visible lesions and the other 
with largo amounts, it seemed to us to be more valid to designate the results 
either positive or negative In Method 2 we have taken as positive those lungs 
in which at least 60 per cent of the pleural surface showed changes In order to 
show the large number of Kings in which 100 per cent was injured, we lot this 
separately in the table. 


TABLE 1 






xxrsoo 2 






A»ron«- 

TSATMX 

imnu 

TJbfur, 



Not fasting (series 1) 



"X- 

ml 

kri. 



N 

% 


Crude betperidin 

40 

0 5 

1-2 

18 

93 

13 

100 

11 

Chaicone 

10 

0 2 

1-2 

12 

04 

12 


0 

Methyl chalcoce 

40 

0 4 

1-2 

0 

80 

0 

100 

7 

Controls 



1-2 

82 

65 

23 

72 

16 


Fasting (aeries a) 


Chaicone 

20 

0 4 

1-2 

18 

40 

0 

50 

3 

Methyl chaicone 

20 

0 4 

1-3 

IS 

26 

3 

23 

2 

Controls 



1-2 

80 

18 

1 

3 

0 


Fasting plus 1 hoar on food (series 8) 


Crude hesperidln 

40-48 

0 5-0 6 

1 

24 

85 

21 

87 

14 




2 

12 

83 

10 

83 

8 

Chaicone 

48 

0 6 

H 

12 

93 

12 

ThM 

11 

Methyl chaicone 

30-18 

0 3-0 6 

1 

15 

83 

18 

87 

9 




2 

18 

93 

17 

04 

12 

‘Eriodlotln AM 

20-40 

0 5 

1 

40 

02 

16 

00 

30 

Sodium heaperidlnate 

30-48 

0 8-0 6 

1 

6 

OS 

6 

100 

5 




2 

18 

08 

18 

100 

15 

Controls 



1 

31 

06 

30 

07 

25 




2 

18 

81 

16 

89 

11 


We tested the following preparations 

1) Crude hesperidln, obtained from Abbott Laboratories 

2) Heeperidln methyl chaicone obtained from The California Fruit Growers Exchange 

3) ‘Eriodlotln A52 also obtained from The California Frolt Growers Exchange 

4) Sodium besperidinate ‘prepared by treating hesperidln recryitalU ted from pyridine 
with aodium hydroxide This material la probably a mixture of the a odium talte of 
heaperfdln and of its chaicone 

5) Hasperldln chaicone ' prepared by treating the recryatallUed hesperidln with 
IN NaOH at 100* 

Discussion The results are summarised in Table 1 In Column 6 is shown 
the average percentage of lung tissue which was injured (Method 1) In Column 

‘We are Indebted to Dr W E Baler of the Research Department of the California 
Fruit Grower! Exchange for furnishing na with the methods of preparation 
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7 , we give the number of animals showing the lesions which we have designated 
as positive (at least 60 per cent injured), and in Column 8, the percentage of 
animals in which the lungs u ere so changed The last column shows the number 
of lungs in which 100 per cent of the pleural surface showed changes We beliei e 
that Method 2 leads to a more reliable evaluation although, in the present n ork, 
the results obtained by the two methods are in remarkable agreement 

The results in Table 1 indicate that none of the materials which ve have in- 
vestigated significantly reduced the degree of injury to the lungs produced in the 
mice exposed to low pressure 

We have also made some tests with mice which were given the vitamin P 
preparations both intrapentoneally and intravenously Other tests were made 
with animals which had been previously injected intrapentoneally with daily 
doses of “enodictin A52” for one week In neither experiment was there any 
indication of increased resistance to the low pressure under the conditions of the 
test 

Dr Thienes now writes that not all preparations of crude hespendm were pro- 
tective, in fact, that only one of several specimens had any such action He also 
wntes that, whereas one specimen of enodictin, labelled A62, was protective in 
high degree, another sample, also labelled A52, afforded little protection It 
may be that the differences in our results are due to the varying content in the 
various preparations of some unknown constituent to be known as Vitamin P, 
or to the very slight differences in the time required to obtain a pressure of 70 
mm , or to a combination of both of these We believe that such Blight differences 
as actually were obtained were due to quite other causes As is made evident in 
the following paper, fasting exerts a "protective action,” and since in the experi- 
ments of Thienes et al , the intake of food was not controlled, it may i ery a ell be 
that the slight differences observed were due to the failure of the animals receiv- 
ing the various preparations of hespendm et cetera to take as much food as did 
the controls Moreover, we regard the differences between the results obtained 
by Thienes et al m the vanous groups of animals to be altogether too slight to be 
significant 

Accordingly, we conclude that the method proposed by Thienes et al is not 
suitable for the assay of vitamin P 

REFERENCES 
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Prwujrifcnfa and On Department of Ptychdogy of TtmpU Uninrtily Philadelphia 

Reeslved for publication Jane 7 1944 

The purpose erf this investigation is to study m "white rale the effects of the 
prenatal administration of sodium bromide by means of teats designed to detect 
functional damage in tho central nervous system. Although the changes in the 
adult nervous system produced by bromides are generally considered reversible 
quantitative data on this problem are meager (1) and except for a short report 
by tho authors (2), the literature contains no data on the effects of bromides 
on tho development of the embryonic and infant nervous systems The work 
presented at this time deals with an analysis of the effects of the prenatal admin- 
istration of sodium bromide on the maxe-l earning ability of rate Tho rats were 
bromide-frco at the time of the tests 

ExnnrwijrrAL Airmans Group* Four group* of albino rats were used In these expen 
menU three experimental groups representing three level* of tho factor being studied and 
% control group AH animals were bred from tbe Wlstar Experimental Strain of the stock 
maintained by tbe Department of Pharmacology of the Woman ■ Medical College of Penn 
sylvania The 120 group consisted of 54 offspring (18 female* 18 malee) of female* which 
had been administered by stomach tube dally 120 mgm of sodium bromide per kgm of 
body weight from the third through the twentieth day of gestation The *80 group con 
listed of 80 offspring (12 females 18 males) of females which bad been dosed similarly during 
tbe tame period of pregnancy with 80 mgm of sodium bromide per kgm per day Tbe 40 
group consisted of 33 offspring (13 females 20 males) of females dosed for the same period 
with 40 mgm. per kgm. per day of sodium bromide In the experimental groups tbe rats 
were bom approximately two daye after their mothers had received the final dose of tbe 
drug The control group of 80 animals (13 females 17 miles) were offspring of females which 
had rtetived no sodium bromide daring pregnancy These mothers were normal In all 
known respects 

Poulin* 1 Alter birth the young rata received no bromide except that obtained from 
tbe milk of their mothers All of the animals were weaned at 20 days of age unices tbe 
mother started to destroy tbe litter earlier In tbe bromide groups *80 and 120 several 
litters were weaned at 14 and 15 days For a few days tbe growth of these animals was sub- 
normal but the handicap was temporary and of a minor order Weight curves on these rats 
reveal no evidence of any physical handicap 


1 This investigation has been made with the assistance of (1) Grant No 587 (1040) from 

the American Philosophical Society (2) Grant No 482 GO 11) from the Committee on Thera 

peutie Research Council on Pharmacy and Chemistry American Medical Association (3) 
Grant No 1 from tbe Department of Neurology of the Woman a Medical College of Penn- 
sylvania 

•The authors wish to acknowledge their indebtedness to 8ilvla Fishbein Yaffo and 

Dorothy Moesta for technical assistance 


215 




BEN K EARNED, HUGHBERT C HAMILTON AND VERSA V COLE 


2 From age 20 through 34 days the drinking water was replaced by a 0 2 per cent solution 
of sodium chloride and from age 35 through 41 dayB by a 0 5 per cent solution 

3 At 43 difys of age the rats were delivered to tho laboratory of pay chology in order that 
they might become adjusted during the follow ing two w eekB to their new environment and 
attendants 

4 From age 57-60 days the rats were prepared for learning in the mare 

5 From age 61-85 days each ammal was given two trials per day in a five cul-de-sac 
U-maze 

Diet The mothers during the period of pregnancy, and the test-rats through 42 days of 
age, were given free access to Purina dog chow checkers, powdered whole milk and brewers' 
yeast Supplements of lettuce and cod liver oil were given to the mothers weekly and to tho 
test-rats at 1 , 2 or 3 day intervals, depending upon their age After 42 days of age the diet 
consisted of 100 per cent whole wheat bread and milk daily, with cracked com added on 
alternate days 

Bromide Determinations The Brodie-Fnedman method (3) was used for tissues and the 
Friedman modification (4) u as employed for blood Representative newborn rats from the 
control and the bromide Utters were dried and analyzed for bromine At 62 days of age 
blood bromide determinations were made on representative animals These rats were not 
used for the psychological tests 

1 Concentration of Bromide in Mothers One noticed that the pregnant bro- 
mide-rats offered less resistance to the passage of the stomach tube than did 
the normal rats but when they were observed m their cages one could not dis- 
tinguish with certainty any evidence of depression Objective determinations 
of activity were not made The best measure of the bromine content of the 
mothers was obtained from the analyses of the new-born rats These analyses, 
table 1 (dry tissue) show that the ratios between the bromine content of the 
control and of the experimental groups are 1 to 40 for group “120”, 1 to 21 for 
group “80” and 1 to 11 for group “40 ” The difference between any pair of 
groups in either the wet or the dry senes is statistically significant (table 2) 
Multiplying these relative concentrations by the mean value for serum bromine 
in our control rats, 3 8 mgm per 100 cc , table 3, one calculates that at par- 
tuntion the \ alues for bromine in the blood serum of the mothers were 152 mgm 
per cent m group “120”, 80 mgm per cent in group “80”, and 42 mgm per cent 
m group “40 ” These calculations would appear to be valid since bromides are 
confined principally to the extracellular water (5, 6) in which they are evenly 
distributed except for a small differential between plasma and cerebrospinal 
fluid (7, 8) A few determinations on the serum of mothers who lost their fitters 
agree reasonably well with our calculated values Similar values in the human 
are associated with sedation or mild depression 

2 Concentration of Bromide tn Newborn and Infant Rats The newborn rats 
used for the bromide analyses were taken from the mothers approximately 4 
hours after birth These analyses shoved that the bromide concentrations in 
the three treated groups bore approximately the same quantitative relationship 
to each other as the dosages administered to the mothers Thus the bromine 
content of the dried tissue of group “40” is 0 63 of that of group “80” and 0 28 
of that of group “120” (table 1) 

The mortality among the unweaned bromide rats was high and paralleled tn 
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dooea given the mothers In table 5 we have recorded as "infant mortality’ 
the itfll births and deaths before 20 days of age in the control and experimental 
groups These data expressed in per cent -were 2Z for the control group, 68 
for the bromide group 120 42 for group "80 and 27 for group "40 ’ Table 0 
shows that the differences among these percentages are significant. The loes 


TABLE 1 

Tkt brom\nt content of ntw-bom roll 


taolu' 

N 

| iron oi uniu m 100 ouuca 

! Vft t tbra* 

Dry tbma 

Uiu 


Uni 


Control 

3 

1 22 

0 08 

11 83 

0 05 

40 

0 

18 00 

1 04 

182 22 1 

14 03 

*80 

8 

32 10 

8 11 

250 40 

21 47 

‘120 

8 

61 6S 

2 00 

460 00 

27 15 


Tht»e fittun computed on dmt* from one lees animal 


TABLE 2 

Companion of grtnrpi gfurwn in tablt 1 


<wtot* cwnn 

Domntcx 
mum wim 


t 


Wet ttoine 

120 — *80 

29 39 


6 21 

<0 01 

‘120’— 40 

42 68 


14 62 

<0 01 

“120* —Control 

60 36 

■fi 

24 84 

<0 01 

*80 — 40 

13 28 


3 33 

<0 01 

90 — Control 

30 97 


6 89 

<0 01 

40 — Control 

1" 6S 

mam 

6 23 

<0 01 

Dry tU*ue 

120 —*80 

218 60 

84 61 

8 33 

<0 01 

120 — 40 

336 ’S 

29 01 

11 61 

<0 01 

‘120 — Control 

457 17 

36 21 

12 63 

<0 01 

*90-40 

118 18 

27 77 

4 29 

<0 01 

*80 — Control 

23S 57 

36 26 

6 58 

<0 01 

40* — Control 

120 30 

20 55 

5 86 

<0 01 


Probability that the difference obtained could occur by ehanoe 


in groups 80 and 120 would have been considerably higher except for the 
vigilance of the technician in weaning a litter at the first indication that the 
mother had started to destroj it In this table we have recorded also the 
infant mortality* in our main rat colony for the period of the bromide studies 
These animals received only routine care and a less satisfactory diet but the 
'infant mortality expressed in per cent was approximately two-fifths of that 
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of group “120,” one-half of that of group "80” and questionably less than that 
of group “40” (tables 5 and 6) There were no deaths in any group between 
weaning and the end of the maze-tests 
3 Absence of Bromide in Animals of Experimental Age Representative rats 
from the control and from each of the bromide groups were bled from the heart 

TABLE 3 


Bromine content of blood in 6B day old rate 


a* our 

N 

vattnc soioHziF 

Mtu 

i non. m 100 cc. 

S E rum 

Control 

e 

3 77 

0 20 

“40” 

5 

2 96 

0 47 

”80” 

4 

2 70 

0 40 

“120” 

5 

2 60 

0 38 


TABLE 4 


Comparison of groups in table S 


OIODW COKBABXD 

DITTEKTMCE 
BCTWrZM MX AH 8 

SD<Wf 

t 

P 

Control — "40” 

0 81 

0 43 

0 18 

<0 10 >0 06 

Control— "80” 

1 07 

0 39 

2 74 

<0 02 >0 01 

Control— “120” 

1 27 

0 39 

3 26 

<0 01 

“40”— "80” 

0 26 

0 64 

0 41 

0 70 

“40” — "120” 

0 46 

0 61 

0 76 

<0 60 >0 40 

”80”— “120” 

0 20 

0 66 

0 86 

<0 80 >0 70 


TABLE 6 


Effect of sodium bromide on infant mortality 


GJt OV* 

HO OP 

unm 

total itombx* \ 
BOW 

TOTAL MO 
LOTT BBTOBI 
WEAjrmo 

m curt 

LOfT 


Control 

6 

43 

i 

2 3 

2 29 

Control* 

24 

168 

37 

22 0 

3 20 

Bromide “40” 

7 

63 

17 

27 0 

5 60 

Bromide “80” 

22 

155 

65 

41 9 

3 06 

Bromide “120” 

14 

119 

69 

68 0 

4 62 


* Bata born in colony during period of experimentation These rats were given only 
routine care 


and killed at approximately 62 days of age The serum bromine was the samo 
in each of the bromide groups (tables 3 and 4) and all of these showed values 
approximately 1 mgm per 100 cc less than that of the control group A differ- 
ence of this order is unimportant Possibly, it reflects the effect of a slightly 
greater consumption of the sodium chloride containing water which was admin 
istered ad libitum from age 20 through 41 days These data show that the 
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results obtained in the psychological teats which were started at 01 days of age 
were not due to abnormal quantities of bromides in the test-rats 

TABLE 6 


Companion of group* thorn in tall* S 


QOTITt CORTAUB 

rnmiina 

SJ> ccrruurcr 

vmniKi 

f*A»CWt » WO 

ID+Jimwm 

120 — 80’ 

16 1 

6 01 

2 68 

99 6 

120 — 40 

31 0 

7 10 

4 31 

100 

120' —Control 

38 0 

fi M 

6 50 

100 

120 —Control 

85 7 

8 07 

10 90 

100 

•80 — "«* 

14 0 

6 88 

1 17 

08 2 

'00 — Control 

10 0 

8 09 

3 01 

100 

*80’ —Control 

39 6 

4 58 

8 65 

100 

40’ —Control* 

6 0 

6 44 

0 78 

78 

40 — Control 

24 7 

6 04 

4 09 

100 


R*t* bom In colony during period of experimentation Tbe*e rxta ire re given only 
routine care 

f Ch*ne«* of a true difference 



Fia 1 Meax tv eight per Dat— Malm 


Grxncth The weight curves, figs 1 and 2 show the mean weight per day of 
males and females separately for each of the four groups for the 7 days pre- 
ceding and for the 25 days of the regular maxo-test. The first four days show 


BEN E HAHNED, HUGHBEBT C HAMILTON AND VERSA V COLE 


growth m all groups, but the "40" is heavier than the control group, and the 
"80" and “120" groups are alike but heavier than the “40 ” Beginning with 
the day marked “LF,” the animals were allowed just fifteen minutes of feeding 
each day This resulted m a loss of weight in all groups for several days, fol- 
lowed by a slow gam During the loss in weight the relationship among the 
groups remained the same The relationship between the control and “40” 
groups remained essentially constant throughout the entire period The “80” 
and 120 groups gained more slowly, so that all bromide groups show nearly 
the same weight at the end of the maze running period, but all were heavier 
than the control The explanation of this accelerated growth in the bromide 


\ 



groups is not obvious, unless it is due to the natural selection which accompanied 
the high “infant mortality” m these groups 

Maze learning Apparatus The apparatus was a five cul-de-sac U-msze consisting 
of interchangeable units The true pathway pattern consisted of the following turns, rrllr 
Reliability coefficients as found by previous experiments ranged from 0 84 to 0 OS (unpub 
lished data) The units had wooden sides (painted gray ) and wire mesh tops and the w hole 
rested on battleship linoleum The observer watched the animals t hrough a one w ay vision 
screen Illumination was by electricity and w as constant Hunger was the motivating 
factor, and food was the incentive 

Procedure On the fifty -seventh day of age the animals were put on limited feeding, they 
were allowed to eat for fifteen minutes On each of the following two days they were gnen 
two preliminary trials which consisted of running from the entrance box to the goal box 
The entrance and goal boxes were connected by a short, straight pathway After each trial 
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the rote were allowed to feed for one minute In tbe coal box and alter both trial* were per 
mitted to feed for thirteen minutes in tbe feeding cage On the sixtieth day of age they were 
pi ren a preliminary trial in the complete maae 

From this point on each animal waj given fifty trial* in the maae two per day according 
to the following routine 

1 Taken from living cage and weighed 

2 First trial In mare Permitted a nibble In the goal box 

3 Second trial in main Another nibble in the goal bos 

4 Fifteen minute* in tbe feeding cage 

5 Returned to living cage 

Tbe running waa started at the same time each day and tbe anlmah were run In tbe same 
succession If tbe animal had not reached tbe goal box at the end of five minutes St was 
taken out of the maae and allowed to feed in tbe goal box for one minute then started on the 
second trial or placed In the feeding eag* 


TABLE 7 

Qrtrup means and standard derlailont of Ikt tiro entrria of matt horning 


OlOCT 

HO. or EAT* 

EDOM 

TUB ( EEC OVD*) 

Mess 

ID 

Mu 

AD 

Control 

30 

172 5 

57 78 

800 59 

387 X 

40 

33 

ieo 1 

87 07 

825 78 

870 57 

W 

30 

190 0 

70 80 

878 48 

628 00 

120* 

84 

274 0 

148 79 

1314 03 

1220 53 


TABLE 8 

Companion of Ikt mtan errors madt on mast homing 


cnoort coftrAiiD 

1 wirwitn nun 

3-D-4U. 

p*t r 

oujccx* w )00 

120’ — '$$’ 

74 1 

28 60 

2 59 

99 l 

120' — 40 

83 9 

29 6S 

2 83 

99 8 

120 — Control 

101 5 

27 61 

3 68 

100 

*80 — 40 

9 8 

10 67 

0 50 

60 

*80 — Control 

27 4 

16 68 

1 64 

95 

40 — Control 

17 6 

18 47 

0 95 

83 


Two criteria of learning wore employed errors and time Time from entering the masc 
to entering the goal box was recorded in seconds An error consisted of (1 ) entrance into a 
cul-do-Bflc and (2) retracing the true pathway (each unit entered counted as a separate 
error) 

Results The criterion of errors shows a pomtivo relationship between the 
number of errors and tbe strength of the dosage tablo 7 and fig 3 The 120 
group made a significantly greater number of orrore than each of tho other 
groups tablo 8 Tho performance of tho 80 group is probably reliably worse 
than that of tho control group Tho other differences are not significant. 

The criterion of time shows tliat the 120 ' group is virtually fflgniGcantly 
slower than each of the other groups, but the other grot i pa do not differ among 
themselves tablo 9 fig 4 
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TABLE 9 


Comparison of the mean time (seconds) for maze learning 


OXOtJW COX? AXED 

Dtrimwa: 

BETWEEN WE AK 5 

S D^in 

DIET 

CHAWtri DC 100 

SD-dUf 

“120”— “80” 

436 66 

239 67 

1 82 

96 

“120”— “40” 

488 27 

240 67 

2 03 

98 

“120”— Control 

417 44 

221 92 

1 88 

97 

"80”— “40” 

62 72 

163 62 

0 32 

63 

“80”— Control 

-18 11 

134 71 

0 13 

66 

“40” — Control 

-70 83 

136 48 

0 62 

70 


TABLE 10 


Comparison of variability on mate learning 
Criterion — Errors 


0E00T5 COWPAXED 

EITJTXINCX 
ft ETWEE* S.D » 


Dir? 

CHANCE! DC 100 


“120”— “80” 

77 99 

20 22 

3 86 

100 

“120”— “40” 

61 72 

20 98 

2 94 

99 8 

"120”— Control 

91 01 

19 62 

4 66 

100 

“80”— “40” 

10 27 

14 09 

1 16 

87 

“80”— Control 

13 02 

11 80 

1 10 

86 

“40”— Control 

29 29 

13 06 

2 24 

98 7 


TABLE 11 

Comparison of Variability on mate learning 


Criterion *■ Time 


OIOOPS CO WP AXED 

DTETEXENCr 
BETWEEN S X> '* 

S.D.du/. 

DITT 

CHANCES IN 100 

S.D -jiff 

“120”— “80” 

698 63 

169 32 

3 63 

100 

“120”— “40” 

655 96 

170 07 

3 27 

100 

“120”— Control 

839 23 

166 84 

6 36 

100 

“80”— “40” 

-42 67 

116 69 

0 37 

04 

“80”— Control 

240 70 

95 20 

2 63 

99 4 

“40” — Control 

283 27 

96 62 

2 93 

99 8 


TABLE 12 

Reliability of the mate based on errors per trial — s plit-half method 

r (fTIAMIAM-BIOWH) 

0 COS ± 0 109 
0 972 ± 0 007 
0 920 ± 0 021 
0 9S5±0 003 


Control 

“40” 

“80” 

“ 120 ” 
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The error and time curves, figs. 6 and 6 show that all groups reached essen- 
tial 1} the same level of performance before tho end of tho ran (the 50th trial on 
the 25th day) suggesting that tho deleterious effects of tho factor being studied 
appear in the rate of learning rather than m tho performance finally reached 
at least m this test 

The standard deviations of the groups, computed on errors, show in general 
an increase with increasing dosage, tablo 7 Group 120” is significantly more 
variable than each of tho other groups and group 40 is significantly more so 
than the control group table 10 

The standard deviations computed on tho timo scores show tho same relation 
ships as those for error scores table 7, moreover, all groups differ significantly 
from one another, with the exception of the 80 ’ and the 40 tablo 11 

It eh ability coefficients computed by the split-half method (odd-even days) are 
high threo of tho four being higher than thoec usually reported for mores, 
tablo 12 

Dibco&sion Studies similar to ours have been published by Maurer (9, 10), 
who reported that rats suckled during the first 12 to 16 dayB of lifo by mothers 
deficient in thiamine or n bo flavin wore definitely subnormal by tho maxo-test. 
Loahley (1 1 12) and Lashloy and Wiley (13) have shown that there is a relation 
ship between the amount of intact cerebral area and max© learning They 
reported correlation coefficients from 0.30 to 0.86 most of them from 0.80 to 
0.80 between the sixo of tho cerebral lesion and tho errors hi maxe- teats Moier 
(14) also reported a high degree of relationship between tho magnitude of tho 
cerebral lesions and errors in mare learning A oommon denominator for 
Maurer s (0 10) results with vitamin deficiencies and our data with sodium bro- 
mide would appear to bo provided by tho assumption that these factors Inter- 
fered with tho development of the central nervous system Tho persistence of 
this effect is important and probably could havo been determined by a repetition 
of tho maze- test at an oldor age However, Maier (14) has shown that there is 
a significant correlation between tho extent of cerebral lesions and tho scores 
with his 3- table test for reasoning, hence, this test applied to our bromide- 
offspring some wcoks after tho maio-test would serve as a criterion of the per 
sistencc of functional damage and at the same timo provide an additional measure 
of the injury Our results on this phase of tho problem will appear in a forth- 
coming article (16) 


Summary 

1 Experiments were designed to test the hypothesis that sodium bromide 
administered daring pregnancy would exert deleterious effects on the develop- 
ment of tho nervous system of the offspring One hundred and twenty -seven 
rats of the Wlstar experimental strain were used They were divided into 4 
balanced groups the control, composed of offspring of normal mothers and 
three experimental groups whose mothers were dosed with 40 80 and 120 mgm 
of sodium bromide per day from the third through the twentieth day of gosta 
tion The animal s wore tested on a 5 unit TJ-mare from Cl-85 days of age and 
at this time wore free of abnormal amounts of bromide 
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2 The criterion of errors shows a positive relationship between the number 
of errors and the strength of the bromide-dosage 

3 The criterion of time shows that group “120” which received tho largest 
dose of bromide was significantly slower than each of the other groups but the 
other groups did not differ among themselves 

4 All groups reached the same level of performance before tho twenty-fifth 
day of the test Thi3 fact suggested that in the maze-test the deleterious effects 
of the bromide appear m the rate of learning rather than m the performance 
finally attained 
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A QUANTITATIVE STUDY OF THE EFFECTS OF OUABAIN 
UPON THE ELECTROCARDIOGRAM 
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From th* Departments of Xledinnt and Physiology Louitiana Stale University School of 
Usdtane and the H tart Station Charity Horpitot of Louisiana at New Orleans 

Ree*]T*d for publication July 24 1M4 

The purpose of the study herein reported was to determine, by the use of a 
truly quantitative approach, the effect of a cardiac giucoside upon the electro- 
cardiograms (ECO a) of persons without heart disease Ouabain was chosen 
because of its rapid and evanescent effect In general the stud> consisted of 
careful comparison of control ECG e with others recorded at intervals after the 
intravenous administration of different doses of ouabain It differs from other 
studies of similar purpose principally m that in the evaluation of changes in tho 
T waves, the form of the preceding QRS complexes has not been ignored Ac- 
curate evaluation of T wave changes necessarily involves determination of tho 
ventricular gradient of "Wilson (1) 

The ventricular gradient The ventricular gradient is the electrical ef 
feet, as projected onto the frontal plane, of differences in the rate of repolanxa 
tion of different regions of the ventricular muscle If the rate of rcpolarixabon 
of all muscle dements were the same there would be no gradient, and the T 
waves would be opposite to the QRS complexes m direction and equal in net 
area m all leads This statement neglects a posable effect of heart movement 
m systole Under normal circumstances the rates of repolaniation of different 
musclo elements are not the same, and tho algebraic sum of the net QRS and 
tho net T areas (QRS-T) m any lead constitutes a measurement of the electrical 
effect due to these differences in the rate of repolaniation as projected onto tho 
lino of the lead If measurement of the net area of QRS-T be made in any tv\ o 
of the limb leads and the Em th oven trianglo method employed the direction 
as well as the manifest magnitude of the effect as projected onto the frontal 
plane may be determined Tho vector thus determined, possessing both mag 
mtude and direction is tho ventricular gradient (G) It should be mentioned 
that G is the frontal projection of the spatial gradient SG a vector in three 
dimensions, which is not accurately determinable by present methods (2) 

Tho effect of digitalis glucotridea upon the T wav e is due to reduction of gradi 
ent magnitude that is to diminution or almost complete abolition of tho dif 
fcrencca in the rates of repolaniation of different muscle elements it causes the 
time course of repolaniation of different muscle elements to become more nearly 
equal Determination of G before and after digitalis administration should 
therefore furnish a truly quantitative study of this aspect of digitalis action 
providing no change occurs in the direction of tho spatial gradient SG 
Figure 1 from cases of the present study demonstrates that an attempt 
to determine quantitatively by erapincal observation the effect of digitalis 
upon the ECG would have been wholly unsuccessful 
227 
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Figure 1, A and B, is from patient J C , A before, and B thirty minutes after 
the administration of 1 5 mgm of ouabam Apparent T nave change is 
slight, almost unnoticeable, jet G, after correction for the change in heart 
rate, \\ as reduced from 45 0 to 33 3 microv olt seconds, a decrease of 26 per 
cent 

Figure 1, C and D, shotis records from patient M K before and after the 
same dose of ouabam T wave change is conspicuous, jet the corrected G 
nas reduced t ery little more than in the preceding case from 32 4 to 23 0 m i .s , 


I 


IE 


m 


Fto 1 A and B, from patient A C , were taken, respectively, before and one-half 
hour nfter the administration of the 1 6 mgm dose of ouabain C and D, from patient 
M K , are similar A comparison of these two cases illustrates the fact that T-vave, or 
ItS-T segment, changes may give a misleading impression of the quantitative effect of the 
drug Theonginalmeasurements.aftercorrectionforthemagnitude of Aqm and for heart 
rate, indicated a 26 per cent reduction in the magnitude of the gradient in patient A C 
and a 29 per cent reduction in M K Upon remeasurement by two of us, these decreases 
were estimated to be 26 and 33 per cent, respectively (A correction for imperfect stand 
ardizntion was also necessary for patient M K The change in amplitude of Si in this pa- 
tient was partly due to this factor ) The shortening of the Q -T interval in patient A C 
appears to be greater than in patient M K (The constant It is decreased from 0 408 to 
0 365 in A C , and from 0 417 to 0.301 in M IC 

1 We realise that our figures will seem paradoxical to many readers, and a furthor word 
of discussion seems needed In A and B of the figure the manifest QRS-T vector, (3, is 
nearly parallel to lead II Hence, the net QRS-T area in lead II Rites immediatelj very 
nearly the magnitude, G We estimate that this area is decreased about 12 per cent from 
A to B The slowing of the heart results in a correction of about another 10 per cent 
Tho total decrease, after correction, therefore, is nt least 20 per cent In C and D of the 
figure, the mean manifest QRS-T vector is nearly parallel to lead I both before and after 
ouabain Hence, nearly the full value of G is projected onto the line of lead I Tho larger 
part of the QRS-T area in that lead is the QRS After ouabam, the net QRS-T area is 
reduced over 20 per cent and the correction for rate adds a little over 10 per cent The 
decrease in G is about 35% But m this case, an actual decrease m tho magnitude, Aon, 
makes a further correction necessary , leaving the net decrease at about 30% This de- 
crease in the G value, and also a moderate deviation of G to the left, together account for 
the marked T-wavc changes in leads II and III 
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q change of 29 per cent In general the greater the magnitude of QRS tho 
greater is the effect upon T of n given percentage change in gradient magnitude 

Method General Hospitalized patknta not acutely ill and without rignz of heart 
diaeaae were given intravenomly variota amounts of ouabain Electrocardiogram* 
(the limb leadj and CF<) were taken before and at interval* after the injection*, and the 
following determination* made 

(1) The mean minute heart rat* 

(2) The P R interval 

(3) The Q-T interval 

(4) The direction and magnitude of tbe mean manifest QRS complex ) 

(5) Tbe magnltnde and direction of tbe ventricular gradient (0) 

(fl) Tbe net area of the ventricular complex QR8-T in lead CF, Detail* ofTbe meth- 
ods of comparison are given in tbe description of result* 

Gradtd do lag* (Method A) To each of ten subject* rucceniTe doees of 0-6 mgm. 1 
mgm and 1.6 mgm per 160 Iba. of body weight were given at weekly interval* and elec- 
trocardiograms taken at one-half hour one hour and four 34 and 48 hours following each 
injection Two additional patients received only the 0.6 mgm do#e 

Single large dote batal eondtUont (Method fl) To each of fourteen adult* and four 
children under eaaentially basal condition* (rest in bed and no food for twelve hour* or 
longer) a tingle doae of 1.6 mgm per 160 1 be of body weight was given and an ECG re- 
corded 30 mlnutee later This method waa employed to eliminate a* far a* possible an 
effect of varying nervou* or metabolic activity upon tbe gradient 

Results Chronology of Electrocardiographic Effect. All effects definitely 
aacnbablo to the drug were maximal at one-half hour there waa slightly less 
effect at one hour, and definitely less at four hours After 24 hours but little 
effect remained and all traces had disappeared 48 hours after the injection 

Heart Rale Considerable variation in heart rate, often obviously unrelated 
to drug effect was encountered, and in most individual cases there was no clear 
correlation between dosage and change in rate Table 1 however which com 
pares the average rate of control electrocardiograms with those taken one-half 
hour and onG hour after graded dosage of ouabam shows an in creasing dim mu 
tioo of average rate with increasing dosage and suggests that the drug actually 
affected the rate m some cases This is not a new observation 

P R Interval "With ono exception m no case was there a change m the 
P R interval which could be ascribed to a direct effect of ouabain. In tho ox 
ccptional case (patient W M ) m association with a slight increase m heart rate 
the P R interval waa prolonged from 0 17 to 0.28 sec Tho gradient change in 
this subject was exceptionally large tho reduction being 44 per cent. Among 
tho other 27 cases tho greatest increase, amounting to 0 02 seo was associated 
with a large decrease in the rate In one case there was apparent shortening 
of tho interval These findings do not contradict the commonly accepted be 
lrcf that large doses of digitalis may affect the P R interval for oven following 
the largest doses employed in our experiment other ECG changes were usually 
much less pronounced than those frequently observed following therapeutic 
digithaxntion 

Q-T Interval The effect was determined by comparison of tho Q-T interval 
before and after administration of the drag with tho calculated Q-T for the 
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heart rate according to the formula proposed bj Ashman and Hull (3) ; This 
procedure makes allowance for change in Q-T due solely to change in heart 
rate Other studies of change m the Q-T interval have been reported, notably 
that of Dieuaide, et al (4) 

By this method of comparison, it was found that the interval was shortened 
by the 1 5 mgm dose m every case, although in a number of cases the doorcase 


TABLE 1 

Mean minute heart rales 



cxumoL 

0 5 MT.U 

1 0 MO*. 

1 5 MOM 

10 patienta 

77 9 

77 4 

74 8 

67 3 

18 patienta 

82 4 



73 4 

7 children 

81 8 



77 e 


TABLE 2 

Average 0 magnitude tn relation to Aq* s and heart rate 


UAcmrcm is < uraovort-stc. mm 


MATE 

e 

1 

3 

4 . 

5 

4 

7 

L 4 

9 

J 10 and cp 

40 

ii 

1 

12 

6 

14 

0 

IS 

3 

|! 


m 

7 

20 

2 

21 

9 

23 I 

24 

6 

SO 

10 

El 

11 

0 

12 

1 

13 

6 

t 


iH 

1 

18 

0 

19 

2 

20 6 

21 

8 

60 

9 

2 

10 

1 

11 

0 

12 

1 

c 



7 

15 

8 

17 

4 

18 6 

19 

8 

70 

8 

6 

9 

3 

10 

1 

11 

2 

12 

4 

13 

3 

14 

S 

16 

5 

16 8 

18 

0 

80 

7 

8 

8 

6 

9 

3 

10 

2 

11 

2 

12 

2 

13 

2 

14 

2 

IB 3 

18 

4 

90 

m 

m 

7 

9 

8 

6 

9 

3 

10 

2 

11 

1 

12 

0 

12 

9 

13 9 

IS 

0 

100 

K 

9 

m 

1 

7 

8 

8 

7 

9 

4 

10 

1 

11 

0 

11 

8 

12 6 

13 

7 

110 

s 

9 

6 

6 

7 

2 

8 

0 

8 

8 

9 

5 

10 

1 

10 

9 

11 6 

12 

4 

120 

s 

5 

6 

1 

0 

8 

7 

6 

8 

2 

9 

0 

9 

7 

10 

2 

11 0 

11 

0 

130 

5 

1 

5 

7 

6 

2 

7 

0 

7 

7 

8 

3 

9 

0 

9 

7 

10 3 

11 

0 

140 

4 

7 

5 

3 

5 

7 

6 

4 

7 

2 

7 

7 

8 

3 

9 

0 

9 7 

10 

7 

150 

4 

4 

4 

9 

6 

4 

6 

0 

6 

7 

7 

2 

7 
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8 

3 

9 1 

9 

7 

100 

4 

1 

4 

6 

4 

9 

6 

6 

6 

2 

6 

7 

7 

2 

7 

7 

8 3 

9 

0 

170 

3 

8 

4 

2 

4 

7 

S 

2 

S 

7 

6 

2 

6 

7 

7 

2 

7 6 

8 

3 

180 

3 

6 

4 

0 

4 

4 

4 

8 

6 

2 

6 

0 

6 

0 

6 

6 

7 0 

7 

7 

190 

3 

3 

3 

7 

4 

0 

4 

4 

4 

7 

5 

1 

S 

6 

6 

1 

0 6 

7 

I 


was only 0 01 sec When, in the case of the ten subjects vho were given graded 
doses, the mean effect of different dosage at intervals after injection were plotted, 
curves similar to those illustrating the decrease in G nere obtained, which 


1 Example Patient C P 



MATS 

| ACTUAL Q-T 

CAIXOTATtD Q-T 
| roi HTAjrr matt 

tjtvu-noK no* 

CAlCtJJATTD Q-T 



tec 

set 

ste. 

Control 

30 min after 1 5 mg ouabain 
“Net” change in Q T 

85 

65 

0 35 1 

0 345 

0 343 

0 385 

+0 007 
-0 040 

0 047 deercare 
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seemed to show that the average effect was proportional to dosage. The mean 
absolute shortening from the control values, at one-half hour, were 0 007 sec 
0.014, and 0 034 seconds respectively, for the 0.5 mgm. 1 mgrru, and 1.5 mgm 
doses These differences in such a small number of cases cannot be regarded 
as very significant 

QRS Complex No QRS changes ascribable to the effect of the drug were ob- 
served. In five or six Instances alterations occurred, attributable to change in 
heart rate to changes in intraventricular conduction, or to change in the intra 
thoracic position of the heart. Equal variations occurred in the control curves 
Magnitude of the Ventricular Gradient G was estimated from the projection 
of onto leads I and HI, with the value in lead II used to check the accuracy 
of the measurements details of the method have previously been published (2) 

% 



Fia 2 


The magnitude, G, both m the control ECG a and in those recorded after 
ouabain administration were expressed in terms of percentages of the ealeu 
la ted G as obtained from table 2, and the change due to the drug is taken as the 
percentage difference between the two percentage values * 


' For example the measurements of patient S R. may bo tabulated as follow* i 



nun 

un 

a QW | 

1 



0 , At % 
ot m 
coccurr* 

AUl 


i 

mm 



% 

Control ECO 

70 

o 


11 5 

127 

30 min after 1 5 mgm. do*e 

57 

Kxfl 


12 8 

05 


Percentage decrease in O apparently due to tbe drug: 25% 
bote Each unit equals 4 microvolt-seconds of area. 
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In figure 2 the mean G values, expressed as percentages of the absolute mag- 
nitudes after correction for heart rate, are shown for the ten subjects a ho rc 
ceived graded dosage according to method A Progressively greater diminu- 
tion of G with increasing dosage is demonstrated At one-half hour, the mean 
decrease from the control magnitude was 8 5 per cent, 20 per cent, and 32 per 
cent, respectively, following 0 5, 1, and 1 5 mgm doses (table 3) The form 
of curve plotting effects of the largest dose may be roughly exponential, sug- 
gesting that the rate of elimination of the drug is proportional to the quantity 
remaining unaltered in the body at any given time 

Table 3 show's the percentage changes in G values in 12 cases, two of whom 
received only the 0 5 mgm dose At one-half hour after injection, in terms of 
the average of the control magnitudes, namely, those before administration of 
the drug and those recorded 48 hours later, and after correction for heart rate, 
the effect of the 0 5 mgm dose vaned from an apparent 18 per cent increase to a 
32 per cent decrease in G in the different subjects The 1 0 mgm dose produced 
changes in G ranging from an apparent 1 per cent increase to a 43 per cent 
decrease, and the 1 5 mgm dose produced apparent decreases ranging from 13 
to 48 per cent These subjects were not under nearly basal conditions It is 
evident that the uncontrolled factors which may affect the gradient (and the T 
wave) may have a greater effect than the 0 5 mgm dose In patient E P , 
because of the small net areas, the percentage changes could not be accurately 
estimated 

Table 4 gives certain other data concerning the 10 of the patients of tabic 3 
who received the 1 5 mgm dose The meanings of the symbols are given in an 
earlier paper (8) In the last column are given the average percentage decreases 
m the gradient magnitude at one-half and one hour after the 1 5 dose (Since 
these were recalculated from the original data by a somewhat different proce- 
dure, there are slight differences m a few cases between these figures and table 3 ) 

Table 4 is continued in table 5, but m the latter table, which included the 18 
patients who received only the 1 5 mgm dose, the percentage decrease shown is 
not an average, but rather the decrease at one-half hour In addition, this 
table shows the percentage decrease in the net QRS-T area m the C< F lead, after 
correction for the left-leg potential and for rate In table 5 the range of per- 
centage decrease in G is from 5 t-o 46 per cent, but when the children arc ex- 
cluded, the range is from 22 to 46 per cent 

Children and Adolescents vs Adults Among the 28 subjects (excluding the 
two who received only the 0 5 mgm dose) used in this investigation there were 
7 whose age ranged from 9 to 15 years, the other subjects ranged from 22 to 
56 years of age The range of percentage reduction of G produced bj the 1 5 
mgm dose per 150 lbs of body weight in the children was from 5 to 30 per 
cent, the mean being 15 4 per cent In the adult group of 21 subjects, the 
range in the decrease produced by this dosage w as from 22 to 49 per cent, the 
mean being 33.2 per cent There can, therefore, be little doubt that, under the 
> conditions of our experiments, ouabain, administered in doses proportional to 
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TABLE 3 

Palitnl* uJwW* dtctrocardiofroau atrt taktn at OJ 1 i H and 43 kavrt after OS IJ) end 
1 J Mpm. of ouabain prr ISO lb* of bodf wtifhl 
Percentage difference from the mein control mine* all the ECO a taken before Injec- 
tion and 48 home after Injection being taken aa control* 









234 


LEONARD AFTER, RICHARD ASHMAN, AND EDGAR HULL 

body weight, produces less electrocardiographic change in children than in 
adults 

Magnitude of QRS-T tn Lead C t F In the interpretation of ECG’s taken w 
the C*F position, correction was made for left leg potential so as to make the 
results those of a unipolar lead (5) The measurements were made with care 
only on the later senes of 18 subjects, and are more subject to error than the 
limb lead measurements 

On the average in the adults, the net area of QRS-T in lead C<F uas reduced 
by about the same percentage as the magnitude of the gradient The mean 

TABLE 4 

Patienle whose electrocardiograms were taken at OjS, 1, J,, £ 4 , and 4S hours after OS, 1 0, and 
}£mgm ouabain per ISO lbs of body weight 


(The percentage decrease is the average of the change in G at } and 1 hour after the 1 5 
mgm dose only) 
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decrease in 12 adult patients one-half hour after the 1 5 mgm dose tins 38 5 per 
cent, the range being from 17 to 65 per cent The greater range may be as- 
cribed mainly to the fact that the precordial ECG is influenced predominantly 
by local changes in the subjacent heart wall The at erage decrease in QRS-T* 
m children appears to be less than it is in adults 

Directional Changes of the Ventricular Gradient This factor tvas determined 
at one-half hour after administration of the 1 5 mgm dose In 12 subjects no 
change in the direction of G was apparent In seten subjects G uas clear)! 
and in hte slightly deviated to the left of its former direction In four cases, 
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slight deviation of <3 to the nght occurred It is interesting to note that the 
form of the QRS complexes indicated clockwise rotation of the heart about its 
longitudinal axis SH (6, 7) in the cases showing rightward donation, and cither 
counterclockwise rotation, or no rotation m semihonzonta! hearts, m all but one 
of the cases showing clear deviation of <5 to the left 
A rather striking correlation was found to exist beta een the magnitude of the 
gradient in the control ECG's and the occurrence of leftward deviation of 0 
following ouabain administration In eight subjects the magnitude of the 
gradient was less than 36 m v.s (9 0 units), and the largest leftward deviations 
occurred in the group, one of them showed no measurable deviation, and one 
was shifted 10° to the right In patient 0 B , both and 0 show changes 
apparently due to a change m heart position In M M a similar anatomical 
change seems to have masked a leftward shift of 0 
These observations suggest the possibility that the reduction in G values may 
often be due, not only to a decrease m the magnitude of the spatial gradient, 
S(3, but also to a shift in the direction of the spatial gradient relative to the 
frontal plane, so that it has a greater backward or posterior direction (8) Our 
data do not permit us to decide this question It is probable that this question 
must be studied more thoroughly before any senous attempt to use changes in 
the magnitude of the gradient for assay purposes is undertaken 
Discussion Insofar ns T wave changes are concerned, this study is not 
comparable to those of other investigators, which consist of qualitative observa- 
tions, despite the authors' opinions to the contrary Moreover, whatever may 
be the conclusions of this study, they cannot definitely disprove the statement 
of Geiger, Blaney and Druckemdler (9) that “the electrocardiogram has no 
general cluneal value as a quantitative measure of digitalization in the thernpeu 
tic range ” Our studies have been limited to the effect of a 6ingle glucoside w 
clinically normal hearts, and we cannot predict the quantitative response in tho 
several types of diseased hearts and in the presence of varied ECG abnormalities 
which exist prior to digitalization Further, it is obvious that in the case of 
a single ECG of a patient to whom digitalis has been administered, the electro- 
cnrdiographer has no way of judging the relative rfiles of heart disease and digi- 
talis effect m the production of observed abnormality of the gradient 
Our paper leaves unanswered the question as to whether or not the effect of 
ouabain upon the electromotive forces produced by the beating ventricles is 
quantitatively substantially the same in different normal hearts It js appar- 
ently shown by our data that the effect is much less regular in children and 
adolescents than in adults As we measure the changes, the range m percentage 
reduction in gradient magnitude brought about by the 1 5 mgm dose in adults 
was from 22 to 48 per cent The consistency of the effects from person to per- 
son is, therefore, much greater than the variability in effects on the T waves 
would lead one to believe, and they may actually be much more consistent 
than these figures would suggest As a measure of the actual change in the net 
electromotive force produced by the heart, a change which should be propor 
tional to the change in the magnitude of the spatial gradient, &G, our data arc 
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affected by several unavoidable uncertainties and errors- In the first place, 
it is very likely that the -weight of the patient is not an adequate guide to dosage 
It seems more likely that the total volume of body fluid would servo as a better 
bans for regulating dosage so that the quantities administered to different m 
dlviduals would be comparable pharma codynamlcally In the second place, 
errors occur in the measurements of the areas of tho deflections and further 
errors in the correction for changes in heart rate. A third error is involved in 
the fact that we are measuring not the magnitude of the spatial gradient, but 
of that vector as it is projected onto the frontal plane of the body If its direc- 
tion were to remain unchanged then little or no error would be introduced, 
but, as we have seen, its direction may change, and the magnitude of this change 
may vary from person to person Finally it is possible that the maximum 
change produced by the drug may sometimes have appeared before the lapse of 
30 minutes after its administration 

It is probable that further study will make it possible to reduce all of these 
errors except that involved m the measurements, to a minimum and the latter 
could also be reduced by recording the curves cn a more rapid film, with double 
timing even without resort to much more tedious procedures. 

In view of tho uncertainties it is impossible to express an opinion regarding 
the constancy of effect of ouabain upon the net electromotive foroe developed 
by tho heart. One thing howmer is clear Tho quantitative effects m differ 
ent hearts are much less in normal persona, with ouabain and within the range 
of dosage employed, than qualitative observation* could have suggested If a 
largo enough number of adult individuals are studied under controlled condi 
turns quantitatively reliable mean effects are obtainable and these may be 
valuable in several lines of investigation including the assay of digitalis glu co- 
sides 

Possibilities in the Assay of Digitalis Preparations Although we have not 
attempted to utilue the method of estimating the effeot of the glucoside on the 
magnitude of the gradient m biological assay of tho drug m man the possibilities 
are evident. The only senous attempt of which we are aware to use T wave 
and R8-T electrocardiographic changes in assay on the normal heart is that 
of Gold Cattell Otto Kwit and Kramer (10) They examined the RS-T seg 
ment changes, in leads I or/and II, m a series of 97 patients after administra- 
tion of varying dosages of digitalis and in this number they found 18 who 
proved to be satisfactory subjects for the assay of digitalis Each of these 
subjects was calibrated by giving successively three different doses of a U.S.P 
Reference Digitalis Powder, differing from each other by 22 per cent Tho 
unknown drug might then have been found to produce RS-T segment and T 
wave changes of nearly the same degree as one of the known doses or an effect 
intermediate between two of them thus giving five measurable stages of effect 
By testing several of the calibrated subjects the potency of tho unknown could 
be estimated with a reliability of 25 per cent or better The method has the 
disadvantages that the test subjects must first be carefully selected from a 
larger number of individuals that sev oral month* are required for the calibration, 
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that the estimation of effect is not stnctlj quantitatne but depends on the 
judgment of the electrocardiographcr, and that no correction is made for rate 
fluctuations 

After the 7 children and adolescents are excluded from our senes, we find 
the mean decrease in the magnitude of the gradient produced by the 1 5 mgm 
dose in 21 adults to be 33 2 ± 11 per cent and the standard deviation to be 
7 43 ± 0 78 per cent The mean effects of the 0 5 mgm and 1 0 mgm dosages 
suggest that these should be fairly reliable if larger numbers of persons -were 
tested It, therefore, seems probable that, after the establishment of norms for 
vanous dosages of different digitalis preparations on sufficiently large senes of 
adult subjects, the potency of an unknown preparation may readily be found 
with a reliability of much better than 25 per cent on a senes of not over 25 adult 
non-cardiac subjects selected almost at random, provided the dosage of the 
unknown which is administered is not too small It is likely that further study, 
and the rejection of a small percentage of unsuitable electrocardiograms, would 
increase the reliability of the method It is true that a carefully trained tech- 
nician must be available to make the measurements, but m the studies of Gold, 
et al , the judgment of a framed electrocardiographcr was required When the 
apparatus for measurement of the ventncular gradient, reported bj Johnston 
and Wilson, becomes available, the errors in measurement may be climi 
nated (11) 
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Renal f unctions determine the principal mode of both elimina tion and censer 
vaticm of Bull on amides by the body All the sulfonamides which exist m an 
ultrafiltcrablo state In plasma are capable of being filtered from the blood stream 
at the glomerulus. Since filtration is normal!} nonselective for plasma con 
atituents other than protein and the substances bound thereon it follows that the 
renal conservation of these compounds is a function of tubular reabsorption, a 
selective process 

The low order of solubdit} of sulfonamides present in high concentrations in 
urine during adequate therapy makes crys tall urn potentially the greatest and 
chmcall} the most frequent source of complications Recognition of this fact 
has prompted a number of suggestions for measures designed to safeguard the 
patient against the occurrence of renal complications. The most frequently 
recommended procedures for the minimising of renal damage have been diuresis 
and alkalization of the urine by the ingestion of sodium bicarbonate sod rum 
citrate etc Both of these measures have been used clinically and ex peri 
mentally (1) but little interest has been manifested In how the kidney handled 
sulfonamides under these altered conditions, the assumption being that the solu 
bility of the compounds was the only factor affected thereby 

In spite of a lack of uniformity of results a number of studies have served to 
substantiate the view that diuresis or alkalization of the urine does influence the 
renal elimination of sulfonamides. Marshall Emerson and Cutting (2) con 
eluded that in the dog increasing the rate of unne flow also increased the clearance 
of sulfanilamide This conclusion was later substantiated by Stewart, Rourke 
and Allen (3) and questioned by Lucas and Mitchell (4) Bullowa, Ratah, 
Davidson and Lebair (5) reported that m man the excretion of sulfapyndme was 
independent of unne flow and Loomis, Koepf and Hubbard found the same to 
bo true for sulfanil ami de (0) Recently Peterson Goodwin and Findland (7) 
studied the effect of high fluid intake and also the ingestion of todium bicarbonate 
on the rate of excretion of sulfadiaxme While actual sulfadiazine clearances 
were not measured they concluded that sodium bicarbonate produced a greater 
and more sustained elevated rate of excretion of this compound than did the 
increase in fluid intake. 

The purpose of this research was to obtain definite experimental evidence 
concerning tho effect of the following factors on the renal clearance of sulfa 
mernxine, sulfamethazine sulfadiaxme and sulfathiaxole 1) tho ingestion of 
sodium bicarbonate 2) low and high unno flow 3) lovy and high sulfonamide blood 
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le% els, and 4) the effect of Bodium bicarbonate on the clearance of sulfnmcmzme 
at low and high plasma lex els 

Experimental The dog is axerj good experimental animal for this work since it docs 
not conjugate sulfonamides Consequently, determinations of the renal elimination of the 
free amines are not complicated by the simultaneous clearance of the related conjugated 
form of the compound 

In the course of a in single experiment two or three simultaneous creatinine and sulfon 
amide control clearances were obtained, and then the proecduro was altered to study the 
effect of any one of the previously mentioned factors on the clearance of the sulfonamide 
About one-half hour before clearance studies w ere begun, 0 5 gram of the sulfonamide being 
studied and 2 to 2 6 grains of creatinine were injected subcutaneously Forty cubic centi- 
meters of water per kilogram of body weight were administered by Btomach tube immedi 
ate]} following the creatinine injections After the control periods more water or 7 grams 
of sodium bicarbonate in solution were given by stomach tube or more sulfonamide was 
injected subcutaneousl} , depending on the purpose of the experiment Following another 
half-hour period for equilibration, three or more clearances were obtained under the altered 
conditions Sulfonamide determinations were made by the method of Bratton and 
Marshall (8) Plasma albumin and total proteins were determined by a mlcro-Kjeldahl 
method on a Bample of blood obtained from the animals at the time of each experiment to 
correct for the amount of sulfonamide which was bound 

Experiments also were carried out in which clearances were determined at gradually 
rising plasma levels of sulfonamide to study the relation between plasma level and the 
reabsorption of these compounds 

The plasma sulfonamide levels present In the table are not corrected for binding but are 
expressed in the conventional form of raifigrams of determinable unconjugated compound 
per 100 cc of plasma Values for the creatinine clearances nro given since they serve as an 
index of glomerular filtration rate in the dog (9) The clearance values for tho sulfonamide 
are corrected for the binding of the respective compounds at the plasma level and the 
concentration of plasma albumin obtaining under the conditions of the experiment Tho 
corrections are necessary since only the unbound sulfonamide is capable of being filtered 
(10) Wo baxe found that binding is limited to the albumin fraction of plasma proteins (If), 
which was in agreement with the published work of Davis (12) 

Three dogs were used for each of the determinations In general the same animals were 
available for all the experiments, thus cancelling out in a measure tho factor of weight or 
surface area of the animals in the quantitative comparison of tho various compounds and 
procedures 

Results akd Interpretation Table 1 summarizes data obtained on the 
four compounds Qualitative!}' the changes are the same for the set end sulfon- 
amides in the various experiments, consequently the results may be discussed 
collectively 

Normal elimination of sulfonamides by dogs varied somewhat from animal (o 
nnimnl as might be expected yet the differences between the clearances of the 
four sulfonamides were distinct These differences were most apparent when 
one compared the data for all the compounds for a single animal, as was done for 
dog # 32 and #84. In ascending order the clearances on the % anous compounds 
•were sulfamethazine (7 1, av ), sulfameraeme (9 3, av ), sulfadiazine (15 8, ax ), 
and sulfathiazole (35 4, av ) 

The bindings of these compounds on plasma protein (albumin) at approxi 
jnately the concentrations that obtain m these experiments were as follows (11) 
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Sulfadiazine 1G 4 per cent at a plasma level of 5 3 mgm /100 cc Sulfn- 
merazine 30 5 per cent at a plasma level of G 0 mgm /100 cc Sulfathiazole 
53 2 per cent at a plasma lev el of G 2 mgm /100 cc Sulfamethazine GO 7 per cent 
at a plasma level of 6 0 mgm /100 cc 

Sulfathiazole was reabsorbed to the least extent of any of the coir pounds (40 
per cent, av ) Sulfadiazine, which was filtered to the greatest extent, was the 
least reabsorbed of any of the pyrimidines The values for the reabsorption of 
these compounds were sulfadiazine (75 per cent, av ), sulfamerazine (82 per 
cent, av ) and sulfamethazine (87 per cent, av ) Our figures for the clearance 
and excretion ratio of sulfamerazine, sulfadiazine and sulfathiazole were m good 
agreement with those of Fisher, Troast, Waterhouse and Shannon (13) Earle 
(14) has found that in man the difference between clearances for sulfamerazine 
and sulfadiazine was much greater than we found to be true for the dog The 
clearance figures were 3 9 cc /mm for sulfamerazine and 11 G to 33 6 cc /min 
for sulfadiazine 

The effect of alkali on the renal elimination of sulfonamides was to increase 
clearance by decreasing the tubular reabsorption of the coupounds in every 
instance The absolute values for the increase in excretion ratio (decrease in 
reabsorption) following the administration of alkali mcreased m the following 
order sulfamethazine, sulfamerazine, sulfadiazine and sulfathiazole The most 
striking effect of alkalization was the increase m the excretion ratio to about 1 0 
m the case of sulfathiazole This meant that when sodium bicarbonate was 
administered the reabsorption of sulfathiazole was abolished and the renal 
elimination of the compound became entirely a function of the filtration rate of 
the kidneys 

A plausible interpretation of the effect of sodium bicarbonate on the tubular 
reabsorption of sulfonamides is that the electrolyte competes with the sulfon- 
amides for the same reabsorption mechanism, and that there exists a functional 
capacity for the tubular reabsorption of compounds which otherwise do not 
appear to be closely related These data lead one to believe that there may be 
relative affinities expressed by the renal tubular epithelium for the reabsorption 
of sulfonamides and sodium bicarbonate so that the latter compound can effec- 
tively displace tho former, hence preventing their reabsorption Reasoning 
along these lines, the observations that the tubular reabsorption of sulfametha- 
zine is somewhat greater and the effect of alkali on that reabsorption less than 
for the other pyrimidines are consistent with the conclusion that the rcabsorptiv c 
affinity of the tubules for sulfamethazine was greatest 

The data presented herein do not permit divorcing the effects of pH change 
from those of mcreased electrolyte excretion per se How ever, it has been shown 
by Earle (14) that the administration of ammonium chlondc, sodium chlonde 
and potassium chlonde were capable, qualitatively, of inhibitmg the reabsorption 
of sulfamerazine Thus it appears that this phenomenon is fundamental!} one 
of electrolyte competition with sulfonamido reabsorption 

The dogs were given sodium bicarbonate pnor to a number of experiments 

where the clearance of sulfamerazme was determined at low and high plasma 
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levels The clearances were above normal values at all blood levels These 
were the only experiments in which the clearance of any of these compounds was 
consistently and considerably higher at the elevated sulfonamide plasma levels 
This effect may possibly be accounted for by a progressive absorption of sodium 
bicarbonate from the gastrointestinal tract during the experiments 

An effect of low and high plasma levels on the clearance of sulfonamides might be 
thought to influence the elimination of these compounds Actually, it was found 
that within the usual therapeutic range up to about 15 mgnn/100 cc of plasma 
the plasma concentration did not materially influence the clearance excretion 
ratio or reabsorption of these agents. Data on these experiments also were 
included In the table 

Figure 1 was included to illustrate that as the rate of filtration of these com 
pounds was increased by increasing the plasma concentration there was a 
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commensurate m crease in the rate at which they were reabsorbed. The im 
portsnce of this point was that if the functional abihjy of the renal tubules to 
reabsorb the compounds was exceeded, within the therapeutic range of plasma 
concentrations, much more sulfonamide would have remained m urine and the 
likelihood of renal complications due to obstruction would havo been inordi 
nately increased when the rate of glomerular filtration of the compound exceeded 
such a threshold value. Sulfnmrthaiine was chosen simply for purposes of 
illustration This generalixatlon holds for the other compounds though some 
of our experiments permitted the feeling that the functional capacity of the 
tubulee to reabsorb sulfathiaxole was somewhat lower than for the pyrimidines 
The effect of low and high urine flow on the renal elimination of sulfonamides was 
studied using water to produoo the diuresis. Consequently, we have thrown out 
several experiments in which the increase in urine flow did not exceed tenfold 
There were only a few instances in which unno flow did not exceed 4 cc /mm 
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Increasing unno flow increased the renal clearance of all the sulfonamides 
tested This inhibitor,' effect of diuresis on reabsorption was not so great as 
was the effect of sodium bicarbonate 

Experiments purporting to demonstrate the effect of diuresis on tho clearance 
of sulfonamides were complicated by several factors which very definitely in- 
fluenced the results It should be noted that in many instances our experiments 
w ere begun at unne flows of about 0 2 cc / min In most of these experiments 
both the creatinine and sulfonamide clearances were below their normal xalucs 
for these dogs Shannon (15) showed that during dehydration tho creatinine 
clearance of dogs was low and concluded that this represented a decrease filtration 
rate during that state It may bo that this same explanation held for tho dc 
creased sulfonamide clearances at the low unne flow's, yot an increased but 
undefined influence of passive back diffusion of the compound cannot be discarded 
as yet 

Discussion These expenments sene to substantiate in part and also to 
modify the clinical concepts of the renal elimination of sulfonamides The 
plasma protein binding of sulfonamides complements the renal tubular renb 
sorption of these compounds in the economy and maintenance of an adequate 
blood level of the unconjugated drug From the standpoint of renal economy, 
then, it is advantageous that a compound bo bound to a considerable extent in 
addition to being very markedly reabsorbed by the renal tubules These two 
factors apply in the stnet sense in which they are used hero and y et they do not 
limit the modes of elimination of these compounds If they were tho limiting 
factors, sulfamethazine should hax e the greatest maintenance of blood lex el of 
the compounds studied Actually, it is well known that the blood level of sulfa- 
methazine is not sustained as well by single doses of the drug os is the case for 
sulfamerazme and sulfadiazine (Id, 16) We have conducted further investiga- 
tions m evaluating various factors m the elimination of these compounds which 
will be submitted as another communication 

These studies have shown that the use of sodium bicarbonate to increase the 
solubility of these compounds in unno xxas not entirely free from objectionable 
features This agent depressed the tubular rcabsorption of sulfonamides, and 
its effectiveness in this regard increased as the natural reabsorption of tho com 
pounds decreased Thus, sulfathiazole reabsorption was totally supjircssed 
xvhereas sulfamethazine reabsorption w-as least affected by alkalization of the 
unne 

It is reasonable to anticipate that maintenance of a given sulfonamido blood 
level might be somewhat more difficult, requiring possibly larger or more frequent 
dosage m the presence of bicarbonate therapy This has been shown to be true 
experimentally Hughes and Schmidt (17) found when rats were fed a diet 
containing one or two per cent sulfamerazme or sulfadiazine the sulfonamido 
blood level was strikingly higher when sodium bicarbonate w-as omitted from the 
diet than when it, also, was fed Acknowledging the above limitation on the 
usefulness of sodium bicarbonate one must still appreciate tho usefulness of the 
drug in decreasing renal complications The fact that it increases the salabthl) 
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of the sulfonamides is a point m fa\ or but may not be the sole justification for 
its uae m this connection Hu ghee and Schmidt have accumulated evidence in 
the course of the experiments described above from which they concluded that 
sodium bicarbonate markedly reduced the renal pathology resulting from the 
administration of sulfadiazine in addition to diminishing the inci den ce of renal 
li thins is when both sulfadiazine and sulfamerazme were fed to rats m high con 
centra tkms in their diets. Thus there is evidence for protection by sodium 
bicarbonate against a nephrotoxic action of sulfadiazine 
The results of our experiments permit the reassurance that as the concentration 
of these sulfonamides in the blood is mam tamed at high therapeutic levels, one 
has not addod the additional hazard of having exceeded the maximal reabsorptiv e 
capacity of the renal tubules Actually, as the plasma level of a compound is 
increased, and more of the drug is filtered there is on increase in the amount of 
the sulfonamide that is rcabeorbed, hence the ratio between plasma concentration 
and the amount excreted per unit time (the clearance of the compound) remains 
fairly constant. 


BUiniABY 

The average renal clearance values, corrected for plasma binding for the four 
un conjugated sulfonamides were sulfamethazine (7 1, av ) eulfamerazine (9.3 
av ), eulfadiaxhiQ (15.8, av ) and sulfathiazole (354 av ) 

The administration of sodium bicarbonate increased the urinary pH but at 
tho same tune increased the clearances of all of the compcsmda by interfering with 
thoir reabsorption This effect was moat striking In the case of sulfathiazole 
where reabsorption of the compound by the renal tubules was almost completely 
Inhibited. 

The production of a water diuresis increased tho clearance of each of the 
compounds but not quite to so great an extent as followed the administration of 
sodium bicarbonate. 

As tho plasma level of the sulfonamide was raised through the ordinary thera 
peutio range, there was a progressive m crease in tho tubular reabsorption of tho 
compounds with tho result that the clearance values did not tend to change with 
the plasma level 
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For more than 15 years the amphoteric hydroxide of aluminum has played an 
important rfilo In the treatment of gaatnc hyperacidity Aa evidence of the 
recognition of the prevalent use and efficiency of this compound m the treatment 
of hyperacidity "Aluminum Hydroxide Gel and ‘Dried Aluminum Hydroxide 
Gel’ were admitted to the United State® Pharmacopoeia XII In the prepara 
tion of the descriptive monographs for the Pharmacopoeia the author! had an 
opportunity to observo the lag in acid adsorbing and neutralising capacities of 
various samples of aluminum hydroxide gel. Accordingly it occurred to one of 
us that an aluminum salt of an aminoaad might give the dual effect of immediate 
oad heutrali ration by the amino group and secondary prolonged buffering of 
acid by the metatheeis of the aluminum salt of the ammoadd and the strongly 
dissociated hydrochlorlo acid. In addition the resulting formation of aluminum 
chloride would exhibit astnngency as is claimed when aluminum hydroxide is 
administered. 

Chemical conbidehationb. Efforts to prepare the aluminum salt of alanine 
and glycine from inorganic aluminum salts and the sodium salt of the respective 
aminoadd invariably resulted in the precipitation of aluminum hydroxide. One 
of us succeeded in preparing the compounds desired by the following reaction 
using aluminum leopropoxide (1) 


C— 0 A1 + CH, NH, COOH + 2H,0 ► 

ds^ ), 

on 

/ 

Al— Oil 

^O— C— CH, NH, 


CH, 

+ 3 ''''CH — OH 

ch, 


A solution of freshly prepared aluminum, isoproponde (1 mole in anhydrous 
isopropyl alcohol was added slowly to an aqueous solution of glycine (3 moles) 
heated on a steam bath Since glydne is not readily soluble in any common 
solvent except water this could not bo excluded from the reaction and hence the 
basic salt rather than the normal salt was formed In our opinion under the 
conditions which we havo found to be rcprodurible the isopropoxide in decom 
posing reacts with both water and glycine to yield aluminum dihydroxj -ammo 
247 
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hydrochlonc acid were placed in small Erlenmeyer flasks. To each volume 
respectively was added either dried aluminum hydroxide gel or basio al uminum 
glycine salt. The temperature was maintained at 25 ± 1°C After the atfdi 
tion of the varying molecular quantities of the respective antacids the mixture 
was thoroughly agitated After exactly 6 minutes the pH was determined by 
means of a glass electrode The results are set forth in chart 2 

It is apparent from the data in chart 2 that the action of the basic aluminum 
glycine salt Is more prompt m its buffering of hydrochloric acid than Is dried 
alum mum hydroxide gel. 

Prolonged Acm-coNsmuNQ capacity It is well established that in addition 
to prompt relief of pain through acid neutralisation and subsequent diminution 



Chart No 1 

Dots Brule aluminum amLnoacoUte 

Circle* Baflic aluminum amlnoaoctato plui cic en of formaldehyde 

of gastrointestinal motility prolonged buffering action is desirable in the treat- 
ment of peptic ulcer Accordingly wo studied the effect of basic aluminum 
aminoacctatc on an artificial stomach contents used previously by one of us 
(3) The pH of the untreated gastric juice was 1.32 To 25 cc. portions of 
this juice the respective compounds wore added under the conditions described 
previously Hydrogen ion concentration determinations were carried out at \ 

I and 2 hour periods The results arc set forth m chart 3 

Bui run capacitt of oltcine The buffer value of the ampholyte, glycine 
was recognized by Sorensen who established a senes of buffer mixtures using 
gljcino, sodium chlonde and hydrochlonc acid Wo prepared n tenth normal 
glycine solution and bj the glass electrode found its pH to be 0 40 ± 0 05 
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at 23°C The addition of an equal volume of tenth-normal hydrochloric acid, 
converting the ampholyte into its hydrochloride, changed the pH to 1 96 ' 
One and ti\ o-tenths, 14,16 and 2 0 moles of hydrochloric acid to 1 mole of 



Chart No 2 

Dots Basic aluminum aminoacetate 

Circles Dned aluminum hydroxide gel after 6 minutes 



Chart No 3 



lir 

hr 


ammoacetic acid changed the pH to 1 80, 1 68, 1 60 and 1 52 respectively These 
values he on the cune for the acid titration of gljcme determined by Hams 
(4) The pH of tenth-normal hydrochloric acid is approximate!) 1, white that 
of the hydrochloride of glycine as shown by tho foregoing values, is about 2, 
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thus the presence of glycine causes a ten fold diminution of the hydrogen ion 
concentration and the change is instantaneous 

Butter capacity ot basic aluminum aminoacetatc. Van Slyke (6) adopted 
f dB 

the differential ratio ^ ^ to express the relationship between the increment (In 

gram equivalents per liter) of strong base ' B” added to a buffer mixture and the 
resulting increment of pH The negative ratio may be used to express the buffer 
value upon the addition of strong add. Accordingly a solution has a buffer 
value of one when a liter will take up one gram equivalent of strong acid per unit 
chance m oH 

One of the characteristics of a useful gastric antacid fa its capacity to buffer 
newly secreted add from the oxyntic cells, by mean* of the residual neutralised 
and unncu trail red antacid In the gastnc contents. The following experiment 
was earned out. To 25 ec. volumes of artificial gastric contents were added 0 6 
gm. respectively of basic aluminum amlnoacetate and aluminum hydroxide gd 
The mixtures were shaken intermittently for 2 hours permitting equilibrium to 
bo established. Then a 5 cc. additional portion of the gastric mixture was sddod 
and after 5 minutes the pH was determined. 

At equilibrium, the pH of the basic aluminum amlnoacetate mixture was 4.20 
after the addition of the add the pH was changed to 4 09, a difference of 0 1 1 
For dried aluminum hydroxide gd, the equilibrium pH was 3 73, after the addi 
tion of acid the pn changed to 3 12, a difference of 0 61 The fi cc. of additional 
tenth normal hydrochloric odd added represents an increment of 0 02 moles 
per liter 

With gastno contents and dned aluminum hydroxide gd the approximate 
buffer capacity using the above measurable increments was calculated to be 
/\B 002 , 

— t — — » t— ■■ 0 033 while with basic aluminum amlnoacetate the value 

ApH 0 01 

was 0 182. Therefore, the buffer capacity of basic aluminum ammo- 

acetate is approximately six times that of dned aluminum hydroxide gd under 
these conditions. 

The nature of the action of the ammo add derivative of aluminum fa likely a 
function of its marked tendency toward colloidal dispeimon, and of its ampholytic 
character Amphoteric bodies, like proteins do not always pass into true aolu 
tkm and their behavior l.e., reactivity and pH are partially the result of inter 
facial equilibria of ionic micelles. In gastnc contents, bade aluminum amino- 
acetate likely undergoes tho following reactions 


1 Immediate neutralisation 


OH 

AK-OH 

0 — C — CHj NHj 


OH 

+ Ha > Al^OH 

O — C — CHi NHj HOI 
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2 Delayed neutralization 
OH 

Al— OH 

O-C-CH,— NHj HC1 


0 


V 


+ 3HC1 — ► AlClj + 3H s O + CH, — C— OH 

NH, HC1 


3 Astnngency 

Ala, A1+++ -f 3CI- 

Feeding Experiments. A group of 20 rats (overage weight 54 grams) nos 
fed a supplemented Purina fo\ chow to which 2 per cent of the basic aluminum 



Ciiabt No 4 Growth curves of normal and basic aluminum nmmoacctotc-fcd rsls 

Circles Control 

aminoacetate had been added They were observed over o penod of 4 weeks 
The growth curves of these and control animals are shown in chart 4 At the 
termination of the experiment 3 animals were sacrificed and their hvere, kidneys 
and a portion of the small intestine were examined histologically There were 
no abnormalities observed 

Ingestion by humans Basic aluminum aminoacetate was administered to 
20 persons in doses of 2 to 4 gm in powder form, suspended in water It was 
tolerated without symptoms Tw o cases of active peptic ulcer u ere treated with 
the salt as the sole antacid Healing was observed by the gastroscope and the 
patients became asymptomatic Two case3 of latent peptic ulcer, with post- 
prandial distention and hyperacidity obtained prompt and prolonged relief 
upon the ingestion of 0 5 gm compressed tablets of the salt Extensive clinical 
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investigations with this compound are in progress. These will form the basis of a 
subsequent communication. 


SuiOIABT 

1 A nevr compound, the basio aluminum salt of aminoacetio acid, has been 
prepared. 

2 Its capacity to buffer and neutralise hydrochloric add has been studied. 
Its prompt and prolonged buffering of acid, bespeaks the use of the compound in 
the treatment of hyperacidity and peptic ulcer On the basis of the al uminum 
content, basic aluminum aminoacetate is 42 per cent more effident m acid 
consuming power than dnod aluminum hydroxide gel. 

3 Certain theoretical considerations of its use have been discussed. 

4. Feeding studies on rats and preliminary clinical trials os an antacid in man 
are recorded 
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Introduction It has been reported recently by Sandground (1, 2), and 
Sandground and Hamilton (3, 4) that p ammobenzoic acid not only does not 
inhibit the trypanocidal action of carbarsonc and other organic pentnvalent 
arsenical compounds, but that it actually affords protection to rats ngainst lethal 
doses of such familiar phenyl areonates as ‘‘Tryparsnmide,” arsamhc acid, car 
barsone, and acetareone Virtually the same results were obtained with "Sfibo- 
san,” sodium m-chloro-p-acetylammophenyl stibonatc, a German proprietary 
pentav alent antimomal compound (S) 

Although adequate studies of the toxicity of new arsenical compounds have 
been made, there have been fen investigations of the pathology of poisoning in 
experimental animals by various arsemcals In tho case of "Tiypnrsamidc" 
only tw o such publications have come to our attention Brown and Pearce (6) 
administered “Tryparsnmide” to rats, mice, guinea pigs, rabbits, and monkeys, 
and found the kidneys to be the site of the chief injury They also observed a 
few scattered petechiae, occasional effusions into the serous cavities, and degen- 
eration or necrosis of the adrenal glands and cardiovascular system Animals 
which survived the acute intoxication rarely showed lesions in organs other than 
the kidneys and heart The renal lesion produced in rats by “Tryparaamido” 
was described m detail by Bunting and Longley (7), who administered doses 
ranging from 1000 to 3000 mg per kg They observed that with small doses 
the secondary convoluted tubules underwent necrosis, and that with large doses 
necrosis was evident earlier and involved the primary convoluted tubules as well 
Evidence of glomerular injury was slight, and the collecting tubules were never 
injured It is the purpose of this communication to discuss tho protective action 
m rats of p ammobenzoic acid against toxic doses of “Trypnrsamide” and 
“Stibosan” as revealed by microscopic examination of the viscera 

Methods Both "Tryparbamidc” and “Stibosan” were administered intra- 
venously m doses wluch previously had been found to kill a high proportion of 
the animals Half the rats also received p ammobenzoic acid orally or mtra 
pentoneally at a lev cl of 750 mg or 1 gm per kg on succcssn e day's ov cr a period 
of one to five day's, the first dose bemg given shortly before the arsenical or 
antimomal compound These animals w ere obtained from Sandground early in 
his studies m the detoxication of organic arsenical compounds by p ammobenzoic 
acid, at which time he thought that repeated doses of p ammobenzoic acid might 
provide more complete protection than would single doses Subscqumtly he 
found this surmise to be erroneous (4) The ammils included in this study 

254 



PBOTECnON AGAINST As AND Bb COMPOUNDS 


265 


constitute only a small proportion of the number used by S&ndground in his 
in\ estigations, for some rats which died had undergone too much post mortem 
change for satisfactory microscopic examination when found and not all but 
viv ore were killed. Only living or freshly dead animals were accepted for histo- 
logical examination. For brevity and convenience wo shall refer to the rata 
which received p-ammobemoic acid as PABA rats and to tho others as controls 
Within less than twenty-four hours the contrast between the condition of 
PABA and that of control animals was striking and became even more impres- 
sive during the second day The control animals were usually lethargic while 
unmolested but on stimulation proved to be hypenmtable with tremors, ataxia, 
gyration and weakness. About their eyes there was usually a nm of red exudate 
a co pro porphyrin (8), and often tho eyelids were Bealcd together by this exudate 
As the more severely injured rats were eliminated by death and tho less injured 
ones began to recover it was still easy to distinguish between the PABA and 
control animals because of the better state of nutrition of the former At the 
beginning of the experiment the rats were of tbe same sue and ago wei ghing 
about 00 or 100 grams Very few PABA animals showed severe injury, and 
few died spontaneously The majority showed only a alight and transitory 
inthspodtion While riot all control animals showed severe injury the majority 
did, and their condition steadily grow worse until death supervened. Whenever 
deaths occurred among the control group, one or more PABA rats was killed 
with chloroform for comparative histological examination. 

In a study of the toxicity of p-aminobenxolc aad, Scott and Robbins (9) found 
rata to be very resistant, no deaths occurring following administration of singlo 
oral doses ranging up to mx gm per kg and no visceral lesions being demon 
strable microscopically in rata which had received daily doses of 1 4 grams per 
kg over a period of four weeks In view of these results wc considered super 
fluous the running of a control with administration of p-amlnobenxoic acid alone. 

Tbtpabsaiude poisoning All animals m this group received a single doee 
of 3200 mg, per kg of Tryparaamide intravenously an LD« according to 
Sandground s data (2) The tissues of eleven control and ten PABA rata were 
examined microecopicallj None of the PABA animals in this group died spon 
taneoualy Control rats died on tho following days after injection of Tryp- 
a ream i do one on tbo second three on the third two on the fourth three on tho 
fifth and one on the sixth. Ono of the survivors was killed on the eleventh 
day PABA rata were lolled on the following days after administration of 
Trypareamide one on the second two on the third fourth and fifth, one 
on the sixth, and twb on the eleventh. The rat which was killed on tho second 
day received two daily doses of one gm per kg. of p-aminobcnxolc add. The 
remaining rata received daflj doses of 760 mg or 1000 mg per kg for the first 
three days and no treatment thereafter 

Renal injury was the most conspicuous and consistently present lesion ob- 
served Other lesions which were found affected only tho control rats and 
included pulmonary edema in three rats thymic atrophj m seven focal myo- 
cardial necrosis In five slight bleeding into tho stomach or small intestines in 
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fi\e, emaciation in two, hj drops of the liver in one, fatty metamorphosis of the 
h\er in one, and atrophy of the liver in one The renal lesions consisted in 
necrosis of convoluted tubules, the glomeruli and collecting tubules being un 
involved Identification of completely necrotic tubules was often difficult or 
even impossible Where necrosis was slight, it w as apparent that tho secondary 
convoluted tubules were the ones affected, but in the more severely injured 
kidneys the primary convoluted tubules and loops of Henle were also necrotic 
In most tubules the necrotic cells were of normal size and had regular inner 
margins, nuclei had completely disappeared, and the cytoplasm was hj aline, 
eosinophilic, and homogeneous The lumina of most tubules were empt}, and 
there was no leukocytic infiltration The necrotic cells of some tubules were 
swollen, and some had apparently lost some cytoplasm Other tubules con 
tamed debris of necrotic cells In some tubules necrosis was not complete, nuclei 
covered by a thm layer of viable cytoplasm lying against the basement mem 
brane and beneath a thick lajer of necrotic cytoplasm Tho cells lining viable 
tubules were often sw ollen Regeneration of tubules w r ns active in some kidneys 
and not seen in others It was manifested by basophilia of tho cytoplasm, 
abundant mitoses, increased numbers of nuclei, and hence presumably increased 
numbers of cells, for cell boundaries were rarely distinguishable Not infre- 
quently the nuclei of regenerated cells were appreciably larger than normal 
The contrast between the kidneys of control and PABA rats was Btnfang 
Much necrosis of conv oluted tubules was seen in the kidneys of the control rat 
which died on the second day, whereas the kidneys of the PABA rat killed on 
the same day showed little necrosis, but many mitoses Tho kidneys of the 
three control rats which died on the third daj showed much necrosis with mitoses 
in the less severely mjured tubules The kidneys of the two PABA rats which 
were killed on the same day v\ ere normal The kidneys of the tw o control rats 
which died on the fourth day were similar to those of the rats wluch died a day 
earlier The kidneys of one PABA rat killed on this day were normal, but the 
kidneys of the other show ed slight regeneration with no necrosis There was 
moderate necrosis of convoluted tubules in the three control rats which died on 
the fifth day, one showed much, a second slight, and the third no regeneration 
The corresponding PABA animals were normal The conv oluted tubules of the 
control rat which died on the sixth day showed only slight necrosis and much 
regeneration The kidneys of the corresponding PABA rat were normal, ns 
were those of PABA and control rats killed on the eleventh daj 

Insofar as the experiments are comparable, our observations are essentiallj 
the same as those of Bunting and Longley (7) Howev cr, wc did observe that 
wherever the secondary convoluted tubule in the vicinity of the macula densa 
was recognizable, it was normal Whether tho remainder of such tubules were 
also normal, or whether this portion of the tubules is less readil} injured, wc 

cannot say , 

"Stibosan” poisoning The rets m this group received intravenous injee 

tions of "Stibosan” at dosages ranging from 250 to 375 mg per kg of bod> 
weight A few received two injections of the drug at the rale of 250 mg per 
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kg on successive dayB The PABA rats received daily injections of p nnuno 
benzoic acid at the rate of one gm per kg over a period of two to fi\e days 
Thirty-two control and seventeen PABA rats were n\ ailablc for histological 
examination 

As was true with “Tryparsamide” poisomng, renal injury was the most senous 
lesion present, and was similar in appearance and distribution to that produced 
bj the arsenical compound, consisting in necrosis of the secondary comolnled 
tubules, but with involvement of the primary tubules occurring only rarely 
Collecting tubules and glomeruli were not injured Other lesions obsened in 
eluded focal myocardial necrosis in three control and one PABA rats, hydrops 
of the liver in file control and two PABA animals, fatty metamorphosis of the 
liver in four control and two PABA rats, hydrothorax in one control, pulmonarv 
edema in eleven control and three PABA rats, atrophy' of the thymus in nineteen 
control and five PABA animals, and an infarct of the adrenal gland in one 
control Thymic atrophy and pulmonary edema were the only extra renal 
lesions w hich occurred with greater frequency in control rats than in PABA rats 

Two control animals died early on the second dav of the experiment The 
kidneyB of both rats showed parenchymatous degeneration, and the kidneys of 
one also showed necrosis of some convoluted tubules Later m the dav two 
control and two PABA rats were killed The kidnevs of the former showed 
slight necrosis of convoluted tubules with some mitoses, whereas the kidneys of 
one of the latter showed slight necrosis of com oluted tubules and manv mitoses, 
and the kidneys of the other were normal On the third dnv one PABA and 
six control rats died, the kidney's of all showed slight necrosis of convoluted 
tubules with some mitoses and apparent increase in number of cells On the 
fourth day seven controls died and four were killed, and two PABA rats died 
and four were killed The kidneys of all but three of the controls show ed slight 
necrosis, and all eleven showed much regeneration, with few to manv mito-cs 
The kidneys of three PABA rats were normal, those of two showed slight regen 
eration and no necrosis, and the kidneys of one showed slight necrosis but no 
regeneration On the fifth day one control rat died and four were killed, and 
three PABA rats were killed The kidneys of one control and one PABA rat 
showed slight necrosis, mitoses and other evidences of regeneration were seen 
in the kidney's of all eight rats On the seventh dav one control rat died Its 
kidneys showed regeneration without necrosis or mitoses On the eighth (lav 
two control and two PABA. rats were killed The kidneys of the former showed 
regeneration with many mitoses and no necrosis, the kidneys of one of the latter 
were normal, and the kidneys of the other showed slight regeneration, but no 
mitoses or necrosis On the tenth day one control and one PABA rat were 
tailed The kidneys of the control show ed regeneration with no mitoses and no 
necrosis, and the kidneys of the latter were normal On the eleventh day two 
rats from each group were killed The kidneys of the controls and of one P \BA 
rat showed some regeneration, but no mitoses or necrosis, while the kidnevs of 
the other PABA rut were normal 
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Discussion The phenomenon of protection by p aminohenzoic and against 
poisoning by pentavalent arsenical and nntimomal compounds is shown not onh 
by a much lower mortality rate among the PABA rats, but In the much smaller 
incidence and extent of renal injure observed histologicalh It is of great sig 
mficance that of ten rats which received “Try parsamide” and p aminohenzoic 
acid, the kidneys of eight were histologically normal, while the kidneys of onh 
one of eleven which received “Try parsamide” alone were normal, and that of 
seventeen rats which received “Stibosan” and p aminohenzoic acid, the kidneys 
of seven were histologically normal, and that of tlnrtv two rats which received 
“Stibosan” alone the kidneys of none were entirely normal Furthermore, the 
extent of regeneration was usually' less among the PABA nnimals, a consequence 
of less severe and less extensive tubular injury It seems improbable that 
p aminohenzoic acid caused an acceleration of regeneration with complete resto- 
ration to a normal status From our results it nppeare that the protection 
offered against renal injury bv “Tryparsamidc” is more complete than that 
offered against injury by “Stibosan,” but wathout more adequate data ns to 
the toxicity of “Stibosan” we are unable to say unequivocally that the protec 
t on r is greater 

SUVIVfARV 

The protective action of p aminohenzoic acid ngninst poisoning by “Trypan- 
amide" and “Stibosan” is manifested histologicalh bv appreciable lee-emng of 
the extent and sev entv of renal damage produced bv those compounds 
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The connection between the acid base balance of the organism and the be- 
havior of cert am therapeutic agents has occasionally attracted attention* In the 
case of quinine aa well as of some other alkaloids there is evidence that a direct 
relationship exists between the amount of the drug excreted in the urine aa a 
result of a standard dose and the add-base balance as m cheated by the pH of the 
urine Furthermore, various authors have recommended administration of 
alkalies along with quinine dosage for certain types of malaria on the ground of a 
higher rate of absorption, higher blood concentrations of quinine, etc. Among 
such papers may bo mentioned those of Acton and Chopra (1) and 8 In ton (2) 
in which are included references to other papers with similar recommendations, 
based largely on clinical results More recently GuHodrova-Guryea (3) re- 
reported that an alkaline dietary regime caused a delay In the onset of quinino 
excretion after dosage and a corresponding delay m its cessation. This implies 
that administration of alkali or on alkaline regime merely delays excretion of 
unnary quinine but does not affects its total quantity The method of testing 
reported by the above author was however, essentially qualitative in nature. 
He concluded that an alkaline condition is to be recommended in malaria therapy 
on the ground that retention of the quinine within the organism for a longer 
period would necessarily be beneficial. 

As far as the present authors are aware, the first published evidence that the 
acid base balance of the organism has any influence on the total amount of 
quinine excreted was that of Haag Larson and Schwart* (4) Theee authors 
working with human subjects demonstrated that within a 48-hour period, an 
add regime produced an excretion of about twice tho percentage of the quinine 
dosage as did an alkaline regime. Moreover the separate figures for percentage 
excretion for the second 24-hour period were on the average slightly lower under 
alkalino than under acid conditions, a result contrary to what one would expect 
if the effect were merely n deceleration of excretion as indicated by Guflosyrova 
Guryea. 

Haag Larson and Schwarts explain their data on the basis of resorption of the 
alkaloid from the unnary tract the process proceeding to a greater extent with 
an alkaline urine Such a mechanism seems to the present authors unlikely and 
before accepting It one would prefer to eliminate other possibilities Among 
these maj be listed first that variations in the pH of the intestinal tract might 
influence tho rate or degree of absorption of the quinine salt second that vana 
tions in the add hose balance of the whole organism might influence cither the 
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rate of absorption or the degree of metabolic decomposition and hence the extent 
of unnary excretion of the unchanged alkaloid, third, that v anations m the pH of 
the urme might influence the keeping quahties of the quinine excreted in it 

The third possibihtj , of those listed above, maj be disposed of bnefh We 
have compared the quinine content of v anous samples of unne o\ er a wide range 
of pH values over penods of days and weeks Using the analytical method of 
Kjker, Webb and Andrews (5) we have failed to detect anj change m the ap 
parent quinine content of tho urme if protected from light during the penod of 
presen, ation 

The question as to the possible effect of acid-base balance on the rate of nb 
sorption and metabolism of quinine salts w as studied by the use of dogs with 
isolated intestinal loops These dogs were prepared and used as described in 
recent papers from this laboratory (6, 7) The great nd\ antage of the use of 
isolated intestinal loops lies in the fact that, with fecal loss proi ented, much more 
quantitative relations are possible between that part of the dose actually ab 
sorbed and that excreted All doses of quinine salts placed m tho loops were 
based on 20 0 mgm anhydrous quinine sulfate (or 17 3G mgm as the free base) 
per kgm of bodj w eight All determinations of quinine, w hetlier on tho material 
washed from the loop or on unne samples, were made by the method of Kjker, 
Webb and Andrews (5) 

The effect of the acid-base balance of the animal on absorptions from isolated 
loops may be studied in two ways The acid or base may be administered (within 
limits) in tho loop, along with the quinine, or acidic or basic agents may be ad 
ministered by mouth to the animal while the quinine salt in water solution or 
suspension is placed in the loop In the work here reported both procedures 
w ere used It is obviously impossible to cause v ety wide \ anations in the pH of 
the loop contents without damage The effect on such absorption speeds of 
adding equivalent amounts of alkali to either quinine dilijdrochlonde or sulfate 
in the loops has already been reported (7) It was observed at that tune that 
although the free base when introduced as such, w as absorbed much less rnpidlj 
than the dihydrochlonde and somewhat less rapidly than the sulfate, much more 
irregular results were obtained m some cases when the latter salt was placed ns 
such in the loop along with an cqun alent amount of alkali In general, however, 
it may be said that addition of equivalent base in the loop to either quinine sul- 
fate or dihydrochlonde produced the lower rate of absorption previous!} ob 
served for suspensions of tho free base The effect of amounts of sodium hj - 
droxide larger than those equivalent to the alkaloid was tested in loop dogs with 
the result that no change m the rate of absorption was observed The excess 
sodium hydroxide, over that required to convert the dihj droclilonde into the 
base, consisted of 0 215 milbeqmv alcnts in a total \ olume of 20 ml 

Vanations of an acidic nature were tned by addition of 0 5 gm ammonium 
chlonde m solution to the loop after adding the standard dose of quinine dib j dro 
chlonde This mixture should produce an initial pH m the loop contents of 
about 5 0 The results in all cases showed a definite decrease in rate of abrerp- 
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tlon For example on l3og I 30 minute experiments with the dihydrochlondo m 
water eolution gave absorption percentages averaging 28% With the am 
momum chlonde added this figure was reduced to 19 0%< Practically no effect 
was observed in experiments with quinine sulfate. Similar comparisons in Co- 
mmute experiments showed no significant change m absorption rate It would 
seem that whatever influence the ammonium chlonde might exert was nullified 
by its more rapid absorption. It is of course obvious that such experimentation 
is limited by the possibility of damage to the loop by too high concentrations of 
either acid or alkali but there Is certainly no evidence that higher acidity causes 
any increase m absorption rate and could therefore not account for the higher 
unn ary excretions observed under acid conditions 

The effect of oral ingestion of alkali or of acid forming materials was next m 
vest! gated, both as regards the rate of absorption from the intestinal loops and 
ns regards the proportion of the absorbed dose excreted in 48 hours The four 
different animals used for these experiments were the same ones referred to in the 
recent report of Coma tier and Andrews (7) Quinine dihydrochloride was used 
In all cases in the standard dosage mentioned above and GO mmute absorption 
periods were used 

Table 1 shows the data obtained from this senes both as regards percentage 
absorption from the loops and percentage of the absorbed drug excreted in the 
unne in two separate 24 hour penods In most experiments oral administration 
of sodium bicarbonate or of ammonium chlonde were used to obtain alkaline or 
acid unn es. However the nauseating effect of ammonium chlonde on the dogs 
often mode its retention difficult and ammonium bensonte was later substituted 
with somewhat more satisfactory result*. Under the beat of conditions it was 
not found possible in anj case to produce a urinary pH as low as 0 0 The dose 
of acid or alkali forming material was administered to the animals for two days 
previous to the administration of the quinine and was continued during the 2 
24-hour penods of urine collection In the case of each animal an average value 
of tho percentage absorption of the same dose of quinine dlhydrochlonde under 
normal conditions during GO minutes is included for purposes of comparison. 

Unne collections were made bj catheterixatlon and the dogs were kept m 
metabolism cages permitting complete collection of all urine voided at other 
times Although collections were continued for two 24-hour penods, It Is obvi 
ous that only comparatively small amounts of quinine were excreted during the 
second day Goodman and G liman (8) state that with rats tho excretion of a 
single dore of quinine Is practically complete within 24 hours It seems safe to 
conclude that 48 hours collection of unne obtains practically all quinine excreted 
and we find no foundation for the idea that alkali therapy markedly delays qui 
nine excretion 

We do however confirm the findings of Haag Larson and Schwartz as to the 
lowered percentage excretion resulting from alkali The total percentage excre- 
tions listed in Table 1 are, as a rule, about twice as great after administration of 
acid as after administration of alkali. The more irregular figures obtained with 
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Dog IV have appeared to be the result of a persistent infection in this particular 
loop It is doubtful if the two lower figures recorded for quinine excretion after 
sodium bicarbonate dosage should be credited 


TABLE 1 

Effect of oral dosage of acid and alkali on the absorption of quinino dihydrochlonde 
from intestinal loops of dogs and its \innary excretion All absorption experiments were 
of GO minutes duration Unne collections were made during two separate 24 hour periods 
All doses arc m terms of 20 0 mgm anhydrous sulfato per kgm body weight but arc cx 
pressed in the table in terms of the free base 
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CONCLUSIONS 

Based on the amount of quinine actually absorbed from the loops, an acid 
regime produces a percentage excretion of the unchanged alkaloid about twice as 
great as that produced by an alkaline regime We thus confirm, bj a different 
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technique tho obsenationa of Hoag Larson and Schwarts. Consistent differ 
encefl m absorption do not appear to provide an explanation for this result 

Tho authors wish to acknowledge the assistance of the Samuel S Fela Fund 
in providing means for carrying out this work. 
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The use of quinine as a musculo-relaxing agent in myotonia (1) has emphasized 
the clinical value of this alkaloid in the therapy of chronic neuromuscular Bpasm 
Similarly the use of quinine methochlonde to ameliorate the untoward osseous 
and muscular injuries resulting from the convulsive treatment of schizophrenia 
(2) has demonstrated the probable usefulness of quinine derivatives in the role 
of acute paralyzants 

An earlier report (3) concerning the curare-like properties of a group of quinine 
and other quaternary ammonium compounds revealed that, of the synthetic 
compounds studied, the quinine denvatives were the most promising Quinine 
ethochloride dihydrate was most effective, quinine methochlonde dihydrate 
mented special mention Because of the increased curanzing action of the 
ethyl over the methyl denvative it was thought desirable to investigate additional 
congeners Seven new quinine denvatives were studied for toxicity and curanz- 
ing action Certain data concerning quinine ethochlonde, quinine methochlo- 
nde, and the erythnna alkaloids, beta-erythroidme hydrochlonde and dihydro 
beta eiythroidine hydrobromide 5 were adapted from previous reports (3 and 4) 
and further observations made for purposes of companson Corresponding 
investigations were also made wath curare (Merck Lot No 32773) and a few 
observations with quinine hydrochlonde 

The new synthetic quinine denvatives examined were as follows 
Quinine n-propyl bromide 
Quinine n-propyl chlonde 
Quinine isopropyl chlonde 
Quinine n-butyl chlonde 
Quinine n-amyl bromide 
Quinine isoamyl chlonde 
Quinine hexyl bromide 

Acute toxicitt Acute toxicity following intravenous administration of one 
per cent aqueous solutions of the twelve substances under consideration was 
studied by employing 267 rats, 206 rabbits and 146 dogs From three to fifteen 
rats, two to nine rabbits, and one to ten dogs were used at each dosage level The 
data thus obtained was analyzed according to the method of Reed and Muonch 
(5) for the determination of fifty per cent end points and is presented in table 1 

i Thu research was supported by a grant from Parke, Davis & Company, in whose 
laboratories the quinine derivatives were synthesized 

* Supplied by courtesy of Dr D F Robertson of Merck & Company 
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The toxicity of the quinine compounds for rabbitB was roughly twice as great 
as for doge with the exception of quinine isopropyl chloride which was character 
istically irregular in other categones also The n propyl bromide and chlonde 
were of approximately equal toxicity and were the most toxic of these synthetic 
agents. The hexyl and isoamyl derivatives were the moet innocuous As a point 
of comparative interest quinine hydrochloride was injected intravenously In 
doses of SO 75 and 100 mg /kg into three dogs and in doses of 25 and 37 mg /kg 
into two rabbits AH animals except that dog on 60 mg /kg , showed stimula 
tory symptoms and died There were no indications of paralysis or muscular 


TABLE 1 

Toxicity following intravenous administration 
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* Calculated by the method of Reed and Muench (5) 


weakness The doses of beta-erythroidino and curare causing death of fifty 
per cent of animals (LD«) were approximately the same in rabbits and dogs. 
Dihydro bcta-erythroidine was twice as toxic for dogs as for rabbits and was in 
the same range as curare 

Tbo relative toxicity of the quinine congeners In rats \ aned from that in other 
animals The fifty per cent lctlml dose ranged from 4 2 to 0.3 mg /kg with tho 
exception again of quinine isopropjl chlonde of which tho I Du was 20,8 mg /kg 
Of the others quinine hcx\ 1 bromide was least toxic Dihydro-bcta-erythroidine 
fell in the same range as tho quin me compounds, but, relatively betn-erythroidme 
was extremely nontoxic In rata Its LD W was 39.3 mg. /kg 

Ctnuiuiwa effects The cu ranting action of the agents studied was oscer 
tabled and roughly quantitated in a senes of experiments using frogs, rabbits 
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and dogs The seat of paralytic action at the neuromuscular junction was 
defined by application of the classical Claude Bernard experiment (6) with from 
and the Thomas and Franke experiment (7) with dogs 
The Thomas and Franke technique was modified as previously described by 
Lehman (8) A description of the modified procedure is included here as an 



Fio 1 Modification of the Thomas and Franke Technique 
The diaphrapnatic strip is moistened by drops of warm oxygenated Locke’s solution and 
the pleural cavity utilised as n moisture chamber The insert at the lower right depicts in 
detail the technique of removing the diaphragmatic strip 

explanation of the accompanying illustration (fig 1) The presence or absence 
of central nenous response to a drug was judged by observing the contractions 
of a portion of diaphragmatic muscle which was protected from the local action 
of the drug by excision but retained its connection with the central nervous 
system bj means of its intact phrenic nerve Simultaneously the agent’s pe 
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riph enil action was noted bv recording the contractions of the opposite leaf of in 
tact diaphragm with normal blood and nerve supply One essential modification 
of the original technique of Thomas and Franke has been made Instead of plac- 
ing the excised pie shaped strip of muscle in a beaker of Locke a solution we fixed 
the dorsal end to the tip of an L rod reaching down into the pleural canty and the 
ventral end to a thread activating a system of tambours for recording Environ 
mental temperature and moisture were maintained for the strip by bathing it 



rwpLratory m«tinum 

Quinine n-propyl chloride wu injocted into the »©cot>d do* In a daw treater than it* 
LDi» and «u only parti illy effective as a paralyiant 


constantly with warm oxygenated Locke s solution dropped from abo\ c. This 
arrangement allowed tho phrenic nerve to lie in a more normal position without 
tension and utdlxcd the pleural ca\ Ity os a moisture chamber Details of tho 
technique are illustrated in figure 1 

Minimal cu ranting doses were determined for frogs and are presented m tablo 
3 In prc\ iou« studies an> substance having a minimal curarbdng dose of more 
than 100 mg-/kg was regarded os relntnely ineffective and as not meriting 
further stud> The onl> member of the present senes which exceeded this len el 
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was quinine isopropyl chloride with a minimal paralytic dose of 200 mg /kg 
Subsequent experiments demonstrated the validity of the original premise, for 
this agent showed very inferior curanzing power Quinine hydrochloride pro 
duced no paralysis in frogs in doses as high as one gram per kilogram 
A range of doses gn mg maximal paralysis of the peripheral respiratory mecha- 
nism of the dog without seriously affecting the central respiratory control was 
determined by the Thomas and Franhe method for each compound studied 
(table 3) Six of the quinine congeners, the erythnna alkaloids and curare 
showed complete paralysis of the peripheral respiratory' mechanism without 
seriously affecting the central control at doses which were at or below their 
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Paralytic action at head drop and convuhant leech 


COMPOUND 

ItABBm 

—HEAD D*OT A 53 AT 

DOOS— ANTAGONISM KtTtAIOL COXVULSJOJT3 

Dmm employed 

Toul 

num- 

ber 

*rd- 

malt 

t 

G3 

2 

Dcww employed 

ToUl 

cum- 

ber 

•nJ- 

m*Ii 

Protectfou 

without JaUJily 

Ranpt 

Num- 

ber 

R*n*e 

Num- 

ber 

Dote 

<PD) 

De- 

ffT« 

Q " Quinine 

nt !H 



">X/*I 

mr/tx 



"X Pi 

t 

Q metho Cl 


7 

17 

5 0 


4 

14 

10 0 

3 

Q ctho Cl 

2 5-40 

6 

19 

3 3 


6 

40 

8 5 

4 

Q n propyl Br 

2 0-35 

7 

14 

3 2 


4 

9 

3 5 

1 

Q n prop) I Cl 


6 

22 

2 4 

3 0-40 

5 

6 

3 0 

I 

Q isopropyl Cl 

8 0-90 

3 

7 

8 6 

7 0-80 

2 


7 0 

0 

Q n butyl Cl 

3 0-50 

4 

wm 

4 2 

5 0-80 

6 



EM 

Q n amyl Br 

3 5-50 

5 

16 

3 9 

10 0 -14 0 

4 



a 

Q lBoamyl Cl 

2 6-75 

7 

18 

4 3 

12 0 -16 0 

5 

11 


m 

Q hexyl Br 

3 6-55 

8 

31 

4 1 

10 0 -15 0 

4 

9 


H 

Beta -cry throidmc 


6 

15 

7 6 

4 0-60 

2 

4 


Kfl 

Dihydro bota-crythroi 








. ' 


dine 


8 

32 

1 5 

0 5-50 

7 

11 


i 

Curare 


4 

14 

0 6 

0 75- 1 5 

5 

11 


2 


* Determined by the mothod of Rood and Rluench (5) 
f 0 •» No protection, 4 — Completo protection 


respectn e LDjo levels for unanesthetized dogs Figure 2 illustrates the action 
of quinine hexyl bromide which was very effective and quinine n-propyl chloride 
which was only partially effective as a curanzing agent Quinine isopropyl 
chloride gave partial paralysis at the dose which killed fifty per cent of animals 
Quinine n-propyl chlonde and quinine n-butyl chlonde gave respectively, almost 
complete and complete paralysis, but at doses at or abov e the canine LD W for 
these compounds 

Comparative curarizing activity The relatne curanzing powers of the 
compounds studied w ere determined at tw o levels First, the level of threshold 
paralysis was assayed by the rabbit head drop method for curare devised by 
Holaday (2) The doses giving head drop in fifty per cent of animals (HI" 
D w ) were determined in the same manner ns were lethal doses (LD M ) (5) Two 
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hundred and five obsen, aticms were made. In man) instances the somo animal 
was used for several testa by allowing a two to sea en daj interval for recuperation 
between injections \ detailed stud\ of these experiments 5s presented in table 2 
In order to compare the compounds on an equivalent basis the therapeutic index 
was computed bj determining for each substance the ratio of the dose giving head 
drop in fift> per cent of the animals to the dose killing fift) per cent (H Dr D*#/ 
LD«) and expressing the ratios in terms of per cent of the LD M . These indices 
appear In Table 3 


TABLE 3 

Rdatfcmffcip of tone and cvnnnng doiu of quinine compound* trjrtAnna cffcafoid* and 
curare 
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0 - None 4 — Complete 


Four quinine congeners wore outstanding b} this method of assai namely 
quinine ethochloridc quinine isoamjl chlonde quinine n-amjl bromide and 
qumino hexj 1 bromide For all of these tho H Dr D« ranged from 39 to 44% of 
their LDm This was in tho same range of effectiveness as curare for which the 
H Dr D m was 47% of the lethal dose The crythroidino alkaloids had margins 
of safetj approximating those of the less active quinine derivatives 

The second level for comparing curaniing action was that of optimum paralysis 
consistent with survh al of the anima l s. This was established bj observing the 
ability of tho drugs to protect dogs against the convulsions which followed intra 
i ciious administration of a surely convulsive doso (25 mg /kg ) of mctraxol The 
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details of this procedure have been previously described (4) and are omitted here 
to conserve space Data defining these experiments appear in table 2 Com- 
parisons were made between protective dose (PD), which was that dose of each 
compound giving the greatest degree of protection from convulsions without 
fatality, and the dose killin g fifty pier cent of dogs (PD/LDto), expressed in terms 
of per cent of the LD t0 These ratios are presented m table 3 and it is noted that 
they all fall in the range from 60 to 77 per cent of the LD M , with the exceptions 
of quinine hexyl bromide (53 per cent) and beta erythroidme (46 per cent) 
What is more important to note is the degree of protection afforded by the pro- 
tective doses The same four quinine derivatives mentioned as outstanding by 
the rabbit head drop method were also most effective m this instance, giving 
complete protection against metrazol convulsions By this test, howei er, curare 
offered only second degree protection (50 per cent) without death Quinine 
isopropyl chloride gave no protection, the erythroidme alkaloids and n-propjl 
derivatives afforded first degree, and the n-butyl and methyl congeners only 
second and third degree modification of the convulsive seizures 

Duration of paralysis Duration of curanzing effect was roughly quanti- 
tated by noting the time following intravenous injection of the paralytic agents 
at which dogs were able to stand unassisted It is probable that the fall in 
blood pressure and the general systemic effects on the animals may have been 
extraneous factors in this crude test The administration of metrazol made no 
difference in the recovery times following maximal tolerated and protective 
doses Paralysis was apparent for 4-13 minutes following rejection of the 
quinine denvatn es, quinine n-propyl chloride, (18 to 45 minutes at 3 0 to 4 0 
mg /kg without metrazol) was the only exception Dogs recovered after beta 
erythroidme within 6 to 12 minutes, after dihydro beta-erythroidme in 15 
minutes, and after curare in 18 to 33 minutes , 

Discussion In renewing the complete picture of the toxicity and curanzmg | 
power of the compounds studied as presented in table 3, it is evident that the 
ethyl, n-amyl, isoamvl and hexyl quinine derivatives wrere consistently the most 
effective The n-prop\ 1 and isopropyl compounds w ere relatively weak curanz- 
mg agents and the methyl and n-butyl agents had only moderate action Quinine 
hydrochlonde wras almost devoid of paralytic properties The erythnna alkaloids 
were comparable in therapeutic index to the propyl compounds Although curare 
had a fairly wide margin of safety as determined by the head drop method of 
assay in rabbits, it was quite ineffective m safely modifying metrazol convulsions 
in dogs 

There was no essential difference in the toxicity or curanzmg action of chlonde 
and bromide salts of the quinine n-propj 1 vanant It is reasonable to assume 
that this might hold true for the other members of the senes since the bromide 
content of a curanzmg dose for dogs is only about two per cent of that of a 
sedatrv e dose of sodium bromide for the same species 

The protective dose against metrazol convulsions, which represented in most 
instances the maximal tolerated dose under these circumstances, was at or reo 
near the maximal tolerated dose for the curare like drug alone as determined in 
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the toxicity experiments This fact coupled -with its lack of influence on the 
duration of action, would suggest that metraxol m the dose uxed, was neither 
antidotal to nor did it add to the toxicity of the paralytic agents 

The curantmg action of the quinine derivatives is intense and of short dura 
tion Evident!} the lengthening of the aliphatic side chain docs not prolong 
their action an attribute which might be desirable in treating chronic nouro 
muscular spasm. 

We wish to express our appreciation to Enter Donelson and Paul Gradolph 
David Rci sm a n and Thomas Spaulding of the College of Medicme for their 
technical assistance in this study 

SUMMARY AND CONCLUSIONS 

1 A group of nine quinine derivatives has been studied for toxicity and 
curarinng activity and compared in these respects with q uinin e hvdrochlonde 
two erythnna alkaloids and curare 

2 All compounds produced curare like paralysis in frogs b} the Claude Ber 
nard technique except quinine hydrochloride which did not show evidence of 
paralytic action m this or any subsequent test. 

3 All compounds showed peripheral neuromuscular paralysis m dogs as 
demonstrated by the modified Thomas and Frank* technique described in this 
paper 

4. The descending order of toxic and curaming efficiency as determined by 
comparing the fifty per cent head drop and lethal doses for rabbits was as follows 
quinine n-amyl bromide q Isoamyl chloride and q hexyl bromide, q etho- 
chlonde q isopropyl chloride, q methochloride q n but} 1 chloride q n -propyl 
chloride and q n propyl bromido 

5 Consideration of two factors first, a comparison of the doses giving maximal 
protection against raetraxol convulsions m dogs without death of the animals 
with the doses killing fifty per cent of the same species and, second, the degrees of 
protection achieved by the former doses, showed that the relatn e efficienc} under 
these conditions was in descending order as follows quinine hexyl bromide, q 
etho chloride q isoamyl chlonde, q n-arayl bromide q metho chloride q 
n butyl chlonde q n propyl bromide q n propyl chlonde and q isopropyl 
chlonde 

6 The paralysis produced b} the quinine denvatives lasted about one third 
as long as that caused b> curare 

7 The results of the head drop assa} in rabbits and the antagonism of metraxol 
convulsions in dogs correlated welL The head drop assa} appears to be a fairly 
reliable screen mg test for curare-like action 

8 Curare produced head drop in rabbits with a margin of snfet} comparable 
to the most effective quinine denvatives but gave only moderate suppression of 
metraxol convulsions Lq a dose at which all animals sunned. The erythrina 
alkaloids were comparable in actn it} to the weaker quinine deriv a rives quinine 
hvdrochloride showed no paralytic action. 

9 Metraxol In convulsive dosage was neither antidotal to nor did it increase 
the toxicity of the paralytic agents 
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In 1939 Hartmann and Isler (1) correlated the chemical structure of certam 
imidaiohne derivative* with thoir pharmacologic activities Spurred by this 
report Miescher and Urech (2) symthesixed now members of this family of com 
pounds Preliminary experiments (3) singled out one of these 2 naphthyl 
(l')-mQthyl imidazoline hydrochloride as especially worthy of an Intense e 
pharmacologic study This paper reports a second aspect of Pnvinc s pharma 
cologic behavior, namely the vascular and respiratory' responses in the anesthe- 
tized dog to the drug administered by vanou* routes 

Method Healthy dogs of varying species ecx and wight were u«cd in this 
study The anesthetics employed were ether urethane and sodium pento- 
barbital With all animals the vagi were sectioned and the blood pressure con 
tinuoualy recorded in the usual way with a mercury manometer A continuous 
respiratory recording was secured by inserting a Mendenhall respiratory cannula 
(4) into the right thoracio cavity and connecting it with the usual recording tam 
hour The drugs employed intravenously in this study with their dose ranges 
given as alwnyB In this paper on a per kilogram basis were Pnvine (0 0005- 
1 0 mg ) epinephrine (It25-I0 0 micrograms), \ohlmbinc and ethyl yohimbine 
(1-3 mg ) ephednno (0 6-1 0 mg ) Both their order of administration and 
doses were widely varied Extreme care was exercised in washing each drug 
completely out of tho venous cannula with at least 2-4 cc. of physiologic saline 
before a subsequent injection Cocaine (10-20 mg ) was injected intramuscu 
lady Pnvine was also applied to various membranes in doses to be stated 
below 

Results Our results m experiments with 60 dogs are conveniently sum 
raaraed under tho headings to follow 

Minimal Ejjcdicc Dost No attempt was made to determine tins exnctly , but 
7 dogs received on initial injection of one microgram of Pnvino and their re- 
sponses varied from a barely discernible pimple on the blood pressure tracing to 
a fleeting maximal nsc of 12-16 mm which never persisted for as long os a minute 
and which not infrequently was duplicated m extent by the injection of physio- 
logic saline alone Since those dogs which received an initial dose of 6 mlcro- 

1 This report is pari of n | reject »lurh Inn Itw a irempiele pliamui Hoplr invent (Rat inn 
of Pri vine amt related amlr>r* and ie supported i y CiRa PtiarniafouUctd 1 nvturf* oT Summit 
New Jersey 
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grams almost without exception gave a definite and persisting nse in blood pres 
sure, it is reasonable to presume that the minimal effective dose hes in the range 
indicated, namely, from 1 to 5 microgramB 
Prunne vs Epinephrine The relative effectiveness of these two drugs cannot 
be succinctly summarized by a definitive ratio To cite but two reasons (1) 
an effective dose of Pnvine invariably exerted its effect longer than an equal 
dose of epinephrine, (2) their comparative effectiveness vaned with the does of 
each drug chosen for comparison, ic,m general, the higher the dose of Pnvine 
chosen for comparison the less effectn e did it appear m relation to moderate 
doses of epinephrine From our results we have estimated the relative pressor 



I io 1 Privine Va Epinephrine Dog, 4 Kg , Sodium Pentobarbital Anebthesia 
A 0 005 mg /kg IV epinephrine, B, C, E 0 025 mg /kg I V pnvine, H, D kynio- 
grnphic record interrupted 8 and 4 mm respective)) 



Fig 2 Tachvphilaxib Doa, 7 Ivo Urethane Anesthesia 
A, F, G 0 005 mg /kg I V epinephrine, B C D, E 0 010 mg /kg f V privine 


potency of Pnvine to be from } to § that of epinephnne 1 he lines of reasoning 
followed in nmving at that estimate will now be presented, for otherwise the 
estimate lacks value 

The ratio of the effectiveness of these two drugs is a composite which summa- 
rizes the results obtained from three different modes of comparison (1) the doses 
of Pm me and epinephnne producing equivalent elevations of blood pressure m 
the same dog have been compared, (2) the absolute rises m blood pressure pro 
duced bj equal doses of the two drugs m the same dog have been compared, (3) 
finally, the average nse in the entire senes of experiments produced by varying 
doses of the tw o drags, has been compared m terms of mm nse per microgram of 
drug injected Figure 1 illustrates the first mode of comparison , figures G and 7 A 
illustrate the second 
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To consider the fimt mode of comparison onlj twice u ere equn a lent risen ob- 
tained during the experiments lrrespectiv e of the doees of the two drugs cm 
ployed within the ranges already stated. In both of the«e experiments it re- 
quired 25 micrograms of Pnvine to match the effect produced by 6 micrograms of 
epinephrine In each instance the absolute nse obtained was about 50 mm and 
represented approximately a 30 per cent nse from the basal blood pressure In 
other analogous experiments 25 micrograms of Pnvme gave but 50 to 80 per cent 
of the nse obtained from 5 micrograms of epinephrine. Thus in some expen 
monts the test dose of Privino was 5 to 10 times the control dose of epmephnne 
but not e\en In thoee experiments with the two exceptions just mentioned did 
the Pnvine produce aa great a nse as did the epmephnne Figures 2 and 3 
exemplify the relative effects of larger doses of Privinc 



Fid 3 Tachtfhtoaxis amd Re*miutort Ikttibitiox Doc 0 ho Sodium 
PnXTOBAHBlTAL AN&HTHEiUA 

2 0 002 mj I \ epinephrine 3 6 7 0 11 13 18 SjOcc I \ pt yilologic*! tallne 
4 6 8 IQ 12 14 1 QU20tnt7kB I V privxn© 

To consider tho second mode of comparison expenments were considered m 
which the initial dose of Pnvino and epinophnno were the same The response 
elicited bj Pnvino was then expressed as a percentage of tho response produced 
bj cpmephnno in tho sarao animal In 11 expenments the initial 2 injections 
were 5 micrograms respccthclj of each drug The order of injection vaned but 
that was found to be of littlo significance In this ww} wo found that 5 micro- 
grams of Pnvino on the average gave but 38 per cent of tho response obtained 
from 6 micrograms of epinephrine. In this group the increases induced by 
Pnvine v aned from 20 to 58 mm and those excited b> epinephrine from 33 to 1 10 
mm Tho cfTcct of the Pnvine however persisted from 2 to 3 times as long as 
that of tho cplnephnnc This prolonged action was the most consistent feature 
of Pnvino h behavior Fvcn in expenments where increasing doeca of Pnvino 
gave little if any augmentation of tho vascular tension over that obtained from 
smaller doses tho duration of tho action was jet prolonged In proportion to tho 
dose 

To consider the third modo of comparison for both Pnvino and epinephrine 
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the mm nse per microgram of drug injected was calculated for v anous doses of 
the two drugs The curve obtained for each drag bj plotting mm nses m blood 
pressure against doses m micrograms is logarithmic in type That means that 
in the range of doses below the to\ie level the mm nse pci microgram of drag 
injected decreases as the dose of the drug is mci eased To illustrate if V 
micrograms of either drug produces a blood pressure increase of 'y' mm then 2x 
micrograms w ill produce a rise of 'v and z' mm i\ here z is less than 'y' The mm 
nse per microgram of Pnvine injected fell from an a\ erage of 6 w hen the dose a as 
5 micrograms to somewhat less than 2 when the dose was 25 micrograms This 
law of diminishing returns, however, applies as well to epmephnne Increasing 
the dose of epmephnne from 2 to 5 micrograms decreased the mm nse per 
microgram of drug injected from 30 to 15 On this basis of comparison Pnvine 
is from 13-20 per cent as active as epmephnne 

Tachyphylaxis In 8 animals anesthetized with 1 5 grams of urethane adminis- 
tered per os, no tachyphj laxis was ever demonstrated In 3 animals anesthe 
tized by ether no evidence of tachj phylaxis was ever demonstrated although for 
reasons presently to be discussed, but few consecutive doses were given these 
animals 

In one experiment with a urethanized dog, the animal responded to 50 con- 
secutive doses of 5 micrograms of Pnvine with stead j though bnef nses of 10-12 
mm up to about the 20th dose when a slight decrease in the response became per 
ceptiblc, continuing to the 50th dose w hen the response was but 8 mm The 
doses were repeated at about 4 minute intervals Tow ard the end of the expen 
ment repeated 50 microgram doses were given the animal The first response 
was a 50 mm rise, the second but 10 mm and thereafter no nse could be elicited 
At the end of the experiment 3 consecutive 1 mg doses failed to alter the blood 
pressure and did not kill the animal 

The other 7 dogs anesthetized with urethane were tested for tachyphylaxis 
with 5, 10, 20 and 25 microgram doses and exhibited none save for one animal 
w Inch demonstrated it after 5 doses of 25 micrograms This wall be discussed 
below 

Tachyphylaxis w ns seen in 8 of 13 dogs anesthetized with sodium pentobarbital 
but the degree of tachyphylaxis was slight and the final responses in a senes of 
doses in all but two of those animals were significant rises In those two no 
responses could be elicited Figure 3 illustrates the mild tachyphylaxis seen in 
these dogs The question might well be raised as to whether this is true tachy- 
phj lexis since the final 5 doses elevated the blood pressure to the same absolute 
height The difference in mm nse is due to the fact that each successive dose 
took off from a slightly higher level because insufficient time was given for a 
return to the starting level Nonetheless the first, three nses show a progressive, 
if slight, decrease in tho absolute height obtained In most experiments in 
which tachyphjdaxis was seen after moderate doses (up to 25 micrograms) the 
degree was not striking 

Figures 1 and 2 are records of experiments in which tachyphylaxis might have 
been anticipated but did not occur 
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In sumraar)', tachyphylaxis was not demonstrated in dogs anesthetized with 
urethane or ether A slight degree was inconstantlj seen in dogs anesthetized 
with sodium pentobarbital. 

Effect of Pnrme on Ecspi ration From our experiments we have concluded that 
Pnvine has no constant or significant effect on respiration. There was a tend 
ency with larger doses (from 20-40 micrograms) toward a temporal-} respiratory 
arrest immediately after Injection which quickly yielded to a resumption of 
respiration at the usual rate. This can be seen m figures 3 and 4A. Since this 
did not always occur and was also seen after some injections of epinephrine 
(Figures 2 and 3) It was not deemed significant. This, change was more often 
seen m dogs anesthetized with sodium pentobarbital than with urethane Other 
respiratory irregularities in the first group were at times clearl} precipitated by 
the injection of a small additional amount of anesthetic as raaj be seen in figure 
4C In this as m some other experiments (Figures 4A and 4B) such irregular! 
ties disappeared during the course of Pnvuie injections We felt therefore 
that the> reflected the action of the anesthetic rather than that of the Pnvine 
In 3 dogs anesthetized with ether alone each injection, varying from 20 micro- 
grams to 1 mg. wns followed after a variable Interval of minutes by marked 
respiratory stimulation and a lightening of the anesthesia. This made the ones 
thetio level of the animal so variable that tachyphylaxis could not properly be 
studied 

Effect of yohtmbtne and Ethyl Yohimbine on the Action of Pnvine In view of 
the adrenolytic and sympatholytic actions of these drugs it seemed desirable to 
teat the action of Pnvine after their administration We employed both yo- 
himbine and eth}l yohimbine 5 in doses ranging from 1-3 mg In every expen 
ment controls with epinephnno were used before and after tho administration 
of Pnvine to detormmo the yohimbine effect A blood pressure reversal after 
the administration of tho usual dose of epinephrine was considered evidence for 
yolnmbinc s action. 

The results with Pnvine wore interesting in that a blood pressure reversal was 
never realized Tho response to an effective control doee of Pnvmo (6-10 
micrograms), how over was entirely eliminated In animals which had received 
effoctlvo doses of oithcr of these lytic agents. Tho response to Pnvine was not 
eliminated m toto l>ccausc doses from 6-10 times the initial control dose always 
gave an increase in blood pressure of the same ordor of magmtudo os that ob- 
tained from tho control dose Figure 6 is typical of those results as obtained In 
14 difforcnt expenment* Tho initial dose of yohimbine or its eth}l derivative 
caused n dmmntie fall m blood pressure even after the drug hail been given 
slowly from which tho animals did not always recover Tn two experiments wc 
gavo with tho yohimbine, 1 mg of ephednno and 50 micrograms of Pnvine ro- 
spectn cly but in neither case was the fall in blood pressure obviated although it 
was somewhat lessened (fig 6) 

Effect of Cocaine on Pnrme $ Artton. The results with Pnvine in 6 cocainized 
dogs were equivocal In 3 nnunals tho response to Pnvmo after cocaine was 

‘Prepared by Dr W C Djnrator of Park* Daria ami Company 
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Fio 4B Flo 4C 


Flo 4B Rectal Absorption Doo, JO Ko , Sodium Pentobarbital Anesthesia 
D 0 005 mg /kg I V privine E 0 010 mg /kg 1 V privine, F 0.300 mg /kg m lumen 
of rectum 

Fio AC Respiratory Irreoularities after Pentobarbital Doo, 10 Ko , 
Sodium Pentobarbital Anesthesia 
G 4 0 mg /kg I V sodium pentobarbital, H 0 3 mg /kg pm me m narcs 

somewhat less than the response to the control dose of Privine and in 2 it was 
somewhat greater Sensitisation by cocaine to epinephrine but not Privine b 
seen m figures 7 A and 7B We tentatively concluded, m view of the slight and 
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inconsistent changes that cocaine had no constant potentiating or inhibiting 
action in respect to Pnvinc 

Synergism of Epinephrine and Pncine It would contribute to an mterpreta 
tion of the mechanism of Pnvme s action to decide (1) if cither drug potentiated 
the action of the other, (2) if the drugs administered together showed summation 
in their action or more or less than summation In none of our experiments was 
there convincing evidence that epinephrine potentiated tho action of Pnvme 
t>n the other hand two of 50 experiments suggested a potentiation of epinephrine 
by previously administered Pnvme, Were this action of Pnvme a fundamental 
characteristic It should have been observed more often since all animals received 
these tw o dniRR at somo penod of the experiment. This action was inconsistent 



Fio 6 ^omiiBiNE Ikiubitiom or Priyixe Doo 7 ho Uhethaxk Anesthesia 
A, C » Ttfn’unVmo hyArotMon Ae \o lota’i At»e ot \ mg >Vg ^ H T> "EWr by 
lnhklttloD L 0 005 mg /k K I > Epinephrine; F G 0.0 10 mg /kg. I \ prlvine.il 0.020 
tng /kg I \ pnvine 1 OiWO rag /kg I \ privine J 1.000 rag /kg I \ ephetlrine 

for in the remainder of the experiments the response was no greator than that 
obtamed from the initial oontrol dose of epmephnne (fig 2) 

Epmephrine and Privino given together usually gave no more tlian a gumma 
tion of responses or even somewliat less than a summation In tw o experiments 
however epmephnne was given with a dose of Privino which immediately prior 
to their simultaneous administration had failed to elicit any response in the 
animal Tho resultant rise was significantly greater than that obtamed from 
tho control dose of epincphnno It is not possible to say whether in these ex 
penment* the Pm mo potentiated the action of cpinephnno or whether the 
epinephrine rescnsitued the animal to tho action of Pnvme. In any cose the 
total response In these experiments was no greater than summation if one added 
tiie usual epincphnno response to the best previous response to the given dose of 
Privmc The former hypothesis Is more likely because in both experiments a 
final dose of Pnvme alone gave no rise in blood pressure Figure 0 demonstrates 
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tins action The tv o responses to Pnvine shown in this tracing are rather slight 
The first two responses of this animal to 0 005 mg of Pnvine were respectively 
51 and 38 mm Its initial responses to 0 005 mg of epmephnne v ere G5 and 73 
mm It is apparent, therefore, that the responses to the drugs given simul 



Fio 6 Privine-Epinephrine Summation Doo, 11 Ka , Sodium 
Pentobarbital Anesthesia 

A, C 0 005 mg /kg I V pnvino.B 0 005 mg /kg I V epinephrine, D, E 0 005mg/kg 
each of pnvine and epinephrine given I V togother 



Fio 7A, 7B Cocaine Effect on Epinephrine and Phivine 


taneously in that dose, represent no more than summation if one take the sum of 

the best previous response to each drug 

Mucous Membrane Absorption In dogs with normal nasal membranes amounts 
of Pnvine far in e\cess of those administered mtrannsally m clinical practice 
failed to produce any significant changes in blood pressure The usual clinical 
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dose of Pnvino for ratranosal administration would bo of the order of 2 drops of 
1 1000 m each noatril or roughly a total of 200 micrograms •which m the average 
adult would approximate) 3 micrograma on a per kilogram basis. Using this 
latter basis for comparison the intranasal doses employed with our dogs varied 
from 3 4 to 208 micrograms. Seven dogs were studied from the standpoint of 
intranasal absorption Four of this group showed no detectable blood pressure 
changes after having received respectively 14 01 78 and 208 micrograma. 
Saw for one animal which rjlsplayed minor respiratory irregularities after 61 
micrograms no changes in their respiratory records were observed Three other 
dogs receiving respectively 24, 50 and 159 micrograms showed alow rises m blood 
pressure of about 20 mm. and the first and last showed respiratory changes. It 
is thus apparent that Pnvme can pass the nasal membranes in sufficient amounts 
to cause moderate systemic changes evidenced by an alteration of the blood pres- 
sure level and the nature of the respiration These changes whkh required 
doses many times the usual cluneal doses were not constantly seen. 

Two attempts to demonstrate a systemic effect from Pnvme injected into the 
gastric lumen in doses respectively of 0.55 and 3 0 mg failed to reveal any kymo- 
graplnc evidence of a systemic effect save for the appearance again of respiratory 
irregularities m the dog receiving the larger dose. The possibility of rectal ab- 
sorption of Pnvme was investigated in four dogs given doses ranging from 1 to 8 
rag No changes in either blood pressure or respiration were seen Definite 
evidence of absorption from the small intestine (ileum) was obtained in 2 of 4 
animals given amounts varying from 200 to 375 micrograma (fig 4A) Both of 
those animals showing blood preafnire changes also exhibited respiratory irrcgu 
Unties The dog which received 200 micrograms showed the highest nso in 
blood pressure (70 mm from a level of 150) which wo ever witnessed after the 
administration of Pnvme. The other nso was insignificant. Evidence of on 
absorption of the drug when given ratra ponton eally was readily secured which 
was not surprising m view of the known rapid absorption of many drugs so 
given 

Discussion Wo estimated the relative preasor effectiveness of Pnvme to be 
from i to i that of epinephrine and have previously stated the manner of arriving 
at that conclusion Long usage sanctions a comparison on tho basis of absolute 
weight and that tradition has been followed here. It is worth remarking, how 
ever that a strictly rational comparison of the relative effectiveness of two drugs 
should be made on the basis of mols since m the last analysis the molecule is the 
basic unit for each drug The molecular weight of Prfvine hydrochloride (340 73) 
is almost exactly i more than the molecular weight of epmephnno (183.20) 
which means the drugs would be of equal potency if a given weight of Privine 
hydrochlorido produced the result achieved by } of Its weight of epinephrine. 
Two effects of Privme compensate for this relative weakness in comparison with 
epinephrine (1) the effect of the Privme usually persisted at least twice as long 
as that of epinephrine (2) after the administration of Pnvino the blood pressure, 
in duo course, dropped back to the starting level but never dropped below It as it 
usual!} did briefly toward the end of epinephrine e effect. 
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It was early demonstrated by Kretschmer (5) that jj. constant infusion of 
epmephnne would maintain a constant level of increased blood pressure once an 
equilibrium had been so established that the rate of infusion equalled the rate of 
destruction He and Baylac (G) showed that repeated doses of epmephnne 
would give the same blood pressure rise ICreitmair (7) showed for ephednno 
and Alles (8) as well as Tainter (9) for benzedrine that repeated doses not only 
w °uld not give the initial blood pressure rise but a decreasing response to the 
point where subsequent doses w ould give a fall This absence of tachyphylaxis in 
respect to epmephnne was a characteristic seemingly not shared by other so- 
called sympathomimetic drugs It is interesting that in our studies dogs anes- 
thetized with methane and ether did not exhibit tachyphylaxis whereas, it was 
occasionally seen m dogs anesthetized with sodium pentobarbital. There was 
one exception among the urethanized animals which, although we do not feel it 
represented a true tachyphylaxis, is nonetheless mentioned because of the light 
it may shed upon the mechanism of tachyphylaxis m the dogs anesthetized with 
sodium pentobarbital This animal responded to 5 consecutive doses of 25 
micrograms of Pnvine with blood pressure rises of about 53 mm but the sixth 
response to the same dose was only 40 mm and the seventh but 28 This am 
mal, however, had shown some respiratory irregularities even before the injection 
of drugs pnd by the end of the experiment exhibited Cheyne-Stokes respiration 
The seeming tachyphydnxis in this dog may perhaps be better explained on the 
assumption that persisting hypoxia had diminished the annual’s capacity to 
respond to any drug This may also, as suggested by Oppenheimer and Hayes 
(10) account for the mild tachyphylaxis seen m 8 of the 13 dogs anesthetized with 
sodium pentobarbital The other 5 did not show it There are tw o objections 
to this explanation as applied to these latter experiments although for the ureth- 
anized animal we feel it applicable (1) the final control dose of epmephnne 
usually gave the same response as did the initial dose of epmephnne, which would 
hardly ha\e been the case had developing hypoxia progressively injured the 
animal, (2) m 2 of the animals a final dose of Pnvine after a delay of about 25 
minutes ga\e the same response as in the beginning 

It is possible that Pnvine is synergistic with sodium pentobarbital in causing 
respiratory depression, this postulation, however, is difficult to accept since 
Pnvine never caused respiratory' depression in animals anesthetized with ure- 
thane or ether On the contrary, m the 3 animals anesthetized with ether, the 
injections of Pnvine were followed after vanable intervals of minutes by definite 
respiratory stimulation It was not possible to conclude from expenments with 
only 3 animals whether the Pnvine was a direct respiratory stimulant or whether 
it antagonized the action of the ether and so led to a lightening of the stage of the 
anesthesia with resultant secondary stimulation We are inclined to the latter 
view since the comeal reflex was found present at the height of that period of 
respiratory stimulation and w as not present m each instance before it In about 
one half of these periods of stimulation the rate at w Inch the ether was being 
administered had to be increased to avoid convulsions which occurred twice m 
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the 3 experiments. This manifestation of analepris may bespeak a central 
excitant action of Pnvine or it may even be evidence of an hypoxic response indi 
rectly due to the Privino. Our experiments thus far do not offer a validation of 
either of those hypotheeee As for the respiratory inhibition seen in dogs anes- 
thetized with barbiturate, just referred to above, we are inclined to exonerate 
Prrvme of blame for two reasons which we fed are valid (1) some of the animals 
anesthetized with sodium pentobarbital became light’ and small additional 
amounts of anesthetic were injected on several occasions this injection imme- 
diately precipitated the typical respiratory irregulantke under discussion and 
illustrated in figure 40 (2) In the course of some experiments the respiratory 

irregularities set in and then spontaneously regreased to the point whore a nor m al 
respiration again, obtained, despite repeated injections of Pnvine throughout the 
interval (Figures 4A and 4B) A final bit of evidence for this contention that 
Pnvine does not inhibit respiration per so m moderate doses was the effect of 1 
mg. doses of Pnvine. These cither caused very minor respiratory changes or 
none at all They never precipitated the ‘periodic’ breathing seen after sodium 
pentobarbital 

The failure of Pnvine ever to produce blood pressure reversal m dogs given 
effective doses of yohimbine or ethyl yohimbine indicates an essential difference 
m its mechanism of action from that of epinephrine. In having its action m 
hibited but not entirely eliminated by the action of these lytic agents Pnvino 
resemble* the action of ephednne whose action is partially inhibited after yohim 
bine as Chase and others (11) have shown and os we confirmed m our own ex 
penmen te 

Froehlich and Loewi (12) first showed cocaine sensitized an animal a response 
to epinephrine. Other sympathomimetic drug? have been studied by Ilamet, 
Daly and others (13) from the standpoint of their response after cocaine and 
some, such as tyramine (In ergotoxinixed animals) and arterenol are potentiated 
by cocaine whereas others such as ephednne are not The failure of cocaine 
unequivocally to sensitize the animal s response to Pnvine is further evidence for 
a different mechanism of action from that of epinephrine 

We have been unable to explain why large doses of Prrvme administered gas- 
tncally or rec tally failed to yield any kymographic evidence of absorption whereas 
much smaller doses in the ileum nostrils or pen tan cal cavity did The poatula 
tion of an enzymatic destruction of Pnvine in the stomach and rectum would 
explain the inactivity of Pnvine so administered but we have not yet tested this 
postulation experimentally 

Not infrequently in experiments in which Privrne was applied to mucous mem 
brancs to determine its absorption therefrom respiratory irregulanties were ob- 
served after varying intervals with or without attending increases in the blood 
pressure. This was observed only in animals anesthetized with sodium pento- 
barbital and in general comprised venations in the extent of the respiratory ex 
cursion with concomitant variations in the intervals between respirations. We 
have already stated why wo did not feel this was a manifestation of Pnvine a 
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activity It appeared only with doses manyfold those which would ordmanly 
be applied topically m the chmc Albeit, we do not feel we have excluded a 
possible adverse synergistic action of Pnvme and sodium pentobarbital For the 
present, therefore, the concomitant use of relatively large amounts of those two 
drugs might well be attended w ith caution 

The level of the blood pressure is a reflexion of the algebraic sum of many 
variables peripheral resistance, cardiac function, the activities of the vasomotor 
center, carotid bodies, aortic receptors and still others, some known and some 
doubtless yet unknown Ideally we should determine the effect of a given drug 
upon each of these variables in isolation but in view of the lmpracticahty of this 
procedure we can only emphasize that the measure of pressor activity we have 
chosen is a simplified summary of extremely complex phenomena 

Pnvme has already been shown by Meier and Muller (3) and by Babel (14) 
to have definite sympathomimetic properties in addition to its general pressor 
action It constricts the vessels of mucous membranes when topically applied 
Relatively high concentrations cause mydriasis of the somewhat limited and bnef 
type caused by sympathetic stimulants It was shown to inhibit the movements 
of the intestines, even those initiated by acetylcholine, it stimulated contraction 
of the virgin guinea pig uterus In its action on the coronaries, however, it was 
unlike epinephrine for it diminished the coronaiy flow of the isolated rabbit heart, 
a finding with which two experiments of our own w ere in agreement 

Our own experimental have not greatly increased the evidence for sympatho- 
mimetic action but on the contrary have, in several instances, shown definite 
divergence from the behavior expected of a sympathomimetic drug That is not 
at all surprising since other so-called sympathomimetic drugs have shown such 
variation Pnvme will not produce as great rises in blood pressure as will 
epinephrine and that bespeaks a different mechanism of action since large doses 
of Pnvme (up to I mg ) at times caused minimal changes m the blood pressure 
and respiration Pnvme is somew hat inhibited but not reversed by yohimbine, 
and rarely, if ever, potentiated by cocaine In these two actions it differs 
sharply from the behavior of epinephrine It rarely exhibits tachyphylaxis and 
then usually to but a small degree, so in tlus respect it more nearly simulates the 
action of epinephrine than other adrenergic drugs such as ephednne, which regu- 
larly exhibits tachyphylaxis 

To explam the facts presented we have postulated that Pnvme acts not only 
on sympathetic endings but on smooth muscle directly This would explam the 
ability of an augmented dose to act myotropically beyond endings paralyzed by 
yohimbine It w ould also explam its failure to relax bronchioles m an isolated 
guinea pig lung (15) The tendency, however, for repeated large doses to exhauBt 
the animal’s capacity to respond without, on the other hand, causing very sig 
mficant changes in the kymographic respiratoiy or blood pressure recordings, 
suggests its action rather specifically on a non-vital, exhaustible enzymatic 
system The studies herein reported do not warrant a more definitive statement 
of the mechanism of Pnvine’s action We hope to elucidate this problem by 
different approaches thereto 
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BUM11AKT 

1 Prrvine elevates the blood pressure in the anesthetized dog in doses of the 
lame order of magnitude as required for epmephrme but to a lesser extent, 

2 Privme is partially inhibited but not reversed by yohimbine and ethyl 
yohimbine , it is not potentiated by cocaine, it infrequently exhibits tachyphylaxis 
and then only to a slight degree. 

3 Privme administered gnstncally or rectally in large doeea reveals no systemic 
evidences of absorption Relatively large doses administered nasally, intra 
peritoneally, or within the ileum, exhibit minimal systemic chan gee. 

4 Pnvme may be synergistic with sodium pentobarbital in its depressive 
action on respiration but no evidence of such depression in dogs anesthetized 
with ether or urethane oould be elicited. 

5 Tho margin of safety for Privme is high since 6 mkrograms is an effective 
doeo and 1 mg. faded to Idll the animal. 

BIBLIOGRAPHY 

1 Ha^tUA* M. akdI*lii,H Arch. f erper Path, u Pharmakol 192 HI -51 1939 

2 M l M e an t, K. Unicn E ahd Klam* W German Patent #701,322 Dec 12 1940 

(a 12 p 9) 

3 Mnn R. aitd MoiAi*, R., Bohweii Med. Wchnachr T1 651-02 1911 

I MoaxmiiLL, W Bclende 88 129-30 1937 

5 K*ir*cnuim, II L. Zteohr f Urol Beri u. Lalpi 1: 490-609 1907 

6 Batlac, J Arch, med do Toulotae 11 245-72 1905 

7 KasmiAiB H Arch, f eiper Path, u Pharmakoi 110 189-228 (1927) 

8. Arixa O A This JotnocAn, 47: 339-64 (1933) 

0 Taixtee, M. L Arch lute mat dea pbarmaeodyn et de The nip 48 192-233 0033) 

10 OrnHmiina, EL axd Hate* H., Person ed Comm tml cation. 

II CflAiB H F Yohtmax F F akd Youho A. G Proc 8oc Eh per Biol A Med., 

40: 80S-10 (1939) 

Hakxt if Arch, t eiper Path a Pharmakoi 280 1-8 (2931) 

12 Feosjilich F akd Lorn O Arch. Eip Path Pharm. 62:169-49(1010) 

18 Dai I DeB Foooie P Vok Ludakt G Quart J Eiper Phjmlo! SB 235-61 
(1937) 

IIauit M Comp rend Acad. d. ac., 191: 889-71 (1930) 

14 Babel, Jean SelnreA* Med Wchnachr 71:681-6(1911) 

15 Rtkhtcx, B 'Bronebodflator Activity of Some New Synthetic AntUpaamodlc* 

(Manuacript In preparation) 



ANESTHESIA 

, XVI The Determination op Isopropenyl Vinyl Oxide in the 
Blood of Anesthetized Animals 1 


WILLIAM E EVANS, Jb , C JELLEFF CARR, VIRGINIA M WATERS and JOHN C 

KRANTZ, Jb 

Department of Pharmacology, School of Medicine, University of Maryland, Baltimore, ltd 
Received for publication September 16, 1944 


In a former communication (1) the authors reported studies on the anesthetic 
properties of isopropenyl vinyl ether (propetbylene) It was shown to possess 
potent anesthetic properties in many species of laboratory animals and also to 
exhibit a high anesthetic index Davis and Krantz (2) showed propethylene 
to be a satisfactory anesthetic in man The anesthetic syndrome was similar 
to that produced by ethyl ether However, propethylene is three to four times 
more potent and the penod of recovery from its anesthesia ib especially short and 
uneventful Evans, Carr and Krantz (8) showed that repeated and long anes 
thesias with propethylene in the mouse, rat and dog produced no significant 
kidney or liver damage Carr, Kibler and Krantz (4) developed a method to 
determine quantitatively propethylene m aqueous solution 

These studies are concerned with the application of this method to the blood 
of anesthetized animals Further the blood concentrations and the degrees to 
which propethylene hydrolyzed in the blood of the dog and the monkey are 
determined 

Theoretical considerations Propethylene is stable m neutral and alka- 
line solutions In acid solution, however, propethylene is rapidly and completely 
hydrolyzed according to the following equation (4) 


H H 

<j>=C— 0— C=C + HOH 
CH, H i 


H 


IH+] 

;ZZXT CH, CHO + (CH,),CO 


This irreversible decomposition of propethylene into acetic aldehyde and acetone 
formed the baas for its quantitative determination m blood The newly formed 
acetone can be determined m blood filtrates by the method of Behre and Benedict 
(5) This method depends upon the reaction of acetone with salicylic aldehyde 
to form cbhydroxydibenzene in alkaline solution The newly' formed compound 
possesses an orange color which permits colorimetric evaluation 

The problem was somewhat more difficult when under anesthesia Both 
acetone resulting from the hydrolysis of propethylene m vivo and unhydrolyzed 
anesthetic were to be determined This was accomplished by determining the 
total acetone m a Folm-Wu blood filtrate This value consisted of acetone 

i The expense of this w\ estigation was defrayed m part by a grant from the Ohio Cbemi 
cal and Manufacturing Co of Cleveland, Ohio 
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hydrolyied in vivo and all of the aoctone obtained from the complete in nlro 
add hydrolysis of propcthylene. Another determination of acetone existing in 
the blood was made using neutral nnc sulfate and sodium hydroxide os preapi 
tants This filtrate contained undecomposed propcthylene, which does not react 
with the Behre Benedict reagent, thus enabhng one to determine acetone formed 
m the animal 

Method of procedure. Acetone from blood filtrates was completely reoov 
erable A standard acetone solution was prepared m water and after reaction 
with the reagent a standard curve was prepared plotting acetone in concentre 
lions in milligrams per cent against the logarithm of light transmission as meas 



drum 1 


ured by a Fisher Electrophotometer The relationship was llnaar From Folin 
Wu blood filtrates the stoichiometric quantities of acetone resulting from the 
hydrolysis of propcthylene were not found to bo present by the method The 
method, however was capable of reproducibility Accordingly a curve was 
constructed by adding known quantities of propcthylene to shed oxalated blood 
and determining the total acetone in Folin Wu filtrato by the foregoing pro- 
cedure Chart 1 shown this graph each point representing an ai crago of 5 or 6 
determinations 

Blood containing known quantities of propcthyleno were analysed and from 
this curve values were obtained ±1 mg per cent of the actual quantify present 

Anesthetic concentrations of propethtlexe rs doo’b blood Dogs were 
anesthetized with propcthylene using the closed circuit method with oxygen 
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Control acetone determinations were made on the blood of each animal Blood 
samples were taken subsequently at 30 and 60 minutes during anesthesia and 
15 minutes after the anesthetic cone was removed These values are shown in 
table 1 

A senes of 3 Rhesus macacus monkeys was anesthetized for a penod of one 
hour At that time the average quantity of propethylene present in the blood 
was 27 mg per cent 

Discussion An examination of the data m table 1 shows that upon the 
inhalation of propethylene for considerable periods of time the acetone content 
of the blood is increased approximately 3 fold Two dogs were anesthetized for 
3 hours and the acetone content of their blood was not higher than at the end of 
the one hour penod A dog was anesthetized with ether for one hour and a 

TABLE 1 
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30 minute and a 60 minute blood acetone did not differ significantly from the 
preanesthetic determination Presumably the acetone found under propethylene 
anesthesia results from an incipient hydrolysis of the ether in blood. Appar- 
ently equihbnum is rapidly established between propethylene and the newly 
formed acetone and acetic aldehyde Approximately 2 5 per cent of propethyl- 
ene was found hydrolyzed in the dog’s blood 

SUMMAHT 

1 A method has been devised to determine propethylene in blood 

2 The anesthetic concentrations of propethylene in dog’s blood he between 
30 and 40 mg per cent It is somewhat less m the monkey 

3 Propethylene for the most part is stable m the blood of the dog and monkey 
Approximately 2 5 per cent of the blood concentration undergoes hydrolysis 
within a penod of 3 hours 
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It tv as reported briefly (1) that brain brei (rat, rabbit, guinea pig) produces a 
substance arbitrarily called B which condenses in acid solution with aromatio 
amines, including p aminobenstoic acid and the sulfonamides, to produce a pig- 
ment We now wish to present data concerning the measurement and chemical 
nature of B, and the characteristics of the system which produces it The pro- 
duction of B is evidently metabolic, since it is sensitive to pH, oxygen tension, 
and the presence of drugs, and does not occur in heated tissue The evidence at 
hand suggests B to be an aromatic aldehyde or ammopynmidme derivative, or 
both 

The production of B is markedly inhibited by apomorphine, menadione, eme- 
tine, ergotoxm and adrenaline Pharmacologically, this is a rather miscel- 
laneous group of drugs, and their common chemical action in the present instance, 
when finally explained, may provide clues as to their actions elsewhere 

Methods Production of B Unless otherwise specified, the following standardized 
conditions were employed Rats were stunned and decapitated The brains, freed of the 
meninges, plus somewhat less than the required amount of medium (bbo below) were ground 
m the Waring blendor for 2 minutes, and then diluted so that 1 ml of suspension contained 
100 mgm of brnin Any isotonic medium can he employed The following, hereafter 
called saline phosphate, of pH 6, vv as used 200 ml of 0 9 per cent NaCl plus 75 ml of 2 1 
per cent KHiPO, plus 25 ml of 2 1 per cent Na-HPO, About 10 ml of brain suspension 
were shaken in a stoppered 125 ml Erlenmyer flask at 37 5°C m oxygen for SO minutes 
Further incubation would have increased the yield of B by not more than 15 per cent 
The concentration of brain in the suspension (100 mgm per ml ) gave the optimum produo 
tion of B The production of B per gram of brain increased as the concentration of brain 
m the suspension decreased Thus 250 mgm of brain per ml was about 50 per cent less 
efficient than concentrations in the range 50 to 100 mgm per ml 

Preparation of Extract for Testing The standard procedure was to add to the brain 
suspension ono third its volume of 20 per cent trichloracetic acid, and centrifuge after 2 
minutes The extract thus obtained was slightly opalescent Stored at 6"C , it lost less 
than half its activity in 10 days Whenever extract was diluted for purposes of testing (see 
below), 5 per cent tnohloracetio acid was employed, and not water 

Colorimetry The quantitative determination of B was accomplished by two tests, the 
arylamine and the thiobarhlunc acid, using the Evelyn photoelectric colorimeter This 
machine determines the photometric density which is equal to logn (100/pereentage trans 
mission) Since the Beer Lambert law was obeyed under certain conditions, the photo 
metric density was used as a measure of the amount of B , a density of, for example, 1, repre 
senting 1 a unit or t unit, dependin g upon which test was employed Results were also 

i We wish to thank the Rockefeller Foundation for its generons support of this work 
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calculated a* concentration*. Example 10 ml of extract representing 1 tram of brain con 
tained 20 a-unlt* hence there were 2 a unit* per ml or 20 o unit* per gram of brain 

Aryftmfn* Tat Aromatic amine* condense with B in ncld eolation prodaclng *b*orp 
tlon peak* In the far bine A photoelectric colorimeter 1* required for the measurement of 
these colons which lie mostly or entirely out*ide the visible range Tbo most conrenlent 
amine b p-a mln oacetophenone though p-aminobenxole acid and the aulfonamldes are more 
or lean a* good 

The te*t wa* carried oat a* follow* The extract mi made up to 125 ml with 5 per cent 
trichloracetic acid in a colorimeter tube 1 ml of 1 per cent p-smlno*cetopbenorte (da 
solved Jn 25 per cent ethanol) waa added (or4 ml of 0.5 per cent p-aininoben*oic acid) and 



Tio 1 Piioroiraraio Dcjrerrr a a Fuscncra or Qujjrrrrr or Extract Tmtkd 
TBA refer* to thelhlobarbitaric acid teat PAP refer* to the ary la mine test employing 
p-aminoacetophenone 

the tube allowed to stand at room temperature for 30 minute* The tube wa* then made 
up to 10 ml with water and read within an hour against a reagent blank wing filter 400 
The reagent blank contained trichloraestle add reagent and water but no extract An 
extract blank waa not necessary Under the rtandardiied conditions brain produced about 
15 a -unit* per gram. 

The relationship between amount of extract and photometric density 1* shown in figure 1 
for p-aminoacetophenone The absorption i pee t rum of the pigment* developed from 
p-amlnoacetophenoDe and p-amlnobenoxie acid are *bown In figure ° The former haa it* 
m ax im um ftt 410 the latter at 890 millimicron* They were determined with the Coleman 
photoelectric spectrophotometer using the 30 millimicron alit 

The arylamlne teat wa* carried out at various reaction* between pH 1 and 10 Maximum 
color developed between pH 1.5 and 225 whleh t* obtained In the standard procedure by the 
uae of the specified amount of tnehloracetic add The Intend ty of color fall* off very 
rapidly above pH 8 *o that at pH 7 it 1* lea* than 5 per cent of th* maximum 
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Thtobarbilunc Acid Test Thiobarbitunc acid was found to be & reagent specific for the 
determination of sulfadiazine among the sulfonamides (2), and essentially the same pro 
cedure is used for substance B extract is made up to 1 ml with 5 per cent trichloracetic med 
I mI of tmobarbituric aoid reagent (see below) are added, and the solution heated in the 
boiling water bath for 5 minutes On cooling, S ml of water are added, the solution trans 
ferred to a colorimeter tube, and read against a reagent blank, using filter 620 The reagent 
blank is prepared like the unknown, but contains 1 ml of 5 per cent trichloracetic acid 
instead of diluted extract An extract blank is not neeessarj The relationship between 
photometric density and the amount of extract tested is shown m figure 1 



Fio 2 Absorption SpEcnum op the Pigment in the Aktlaaiine Test 
The test was earned out using p-ammoacetophenone (PAP curve) and p-anunobenzoio 
acid (PAB curve) 

Thiobarbituho acid reagent was prepared from a 1 per cent thiobarbitunc acid solution 
and a 0 5 M citrate buffer The former is obtained by mixing 2 grams of Eastman Kodak 
thiobarbitunc acid, 193 ml of water, and 6 6 mi of 2 n NaOH After heating for several 
minutes, a more or less dirty yellow solution is obtained, depending upon tho batch of 
thiobarbitunc acid purchased The solution is acidified by adding 0 7 ml of 4 a HC1, and 
decolonized by shaking for several minutes with 60 mgm of charcoal (e g , Darco G-60, 
Merck’s U S.P ) After repeating the charcoal extraction 3 or 4 tunes, the solution is crys- 
tal clear, and either colorless or a faint yellow green The citrate buffer contains 59 grams 
of reagent. Nn,C,H,Or 2H,0 plus 60 ml of concentrated reagent HC1, is made up to 400 ml 
with water, and is filtered The completed reagent is made by mixing 2 parts of thiobarbi 
tunc acid with 1 part of citrate buffer, and, if necessary, adjusting the pH to 2 6 

When for purposes of comparison it was necessary to test sulfadimine , a stock containing 
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0-5-2 mgm per 100 ml wu prepared in 0-2 x HQ 1ml of dock plus 4 ml of re n cent were 
1 tented for 45 minute® In the cose of 2-umnopynmidine a similar rtock was employed, 
but the beating »u continued for 135 minute* 

The absorption «peetrum of the pigment developed in tbe thiobarbitunc add test wai 
determined with tbe Beckman photoelectric spectrophotometer The peak of absorption 
uni at 532 millimicron* Taking the extinction at thl* wavelength a* equal to 100 tbe 
relative extinction for other wavelength* wa» calculated The following are representative 
data 600 millimicron* 6 550 27 6-10 76-5 532 100 525 84 520 05 600 30 400 5 Tbe 
curve obtained by plotting these values for *u balance B auperimposea on that for either 
■ulfadiaxlne or 2 amino pyrimi d i ne The dgnlficance of thl* will be discussed below The 
apeclflclty of the thlobarbituric add teat ha* been studied Briefly the teat will also pro 
duco pigment* from certain aromatic aldehyde* (8) but these absorb In tbe blue and are 
readily dl«tlngui*b*d In other ways (2) from those of 2 amlnopyrimldlne and aulfadlailoe 
Methylatlon or oxidation of the pyrimidine ring blocko the test. 

If we assume that B and aulfadianoe have equal extinction coefficient* the amount of B 
In brain can be approximated Brain produce* a photometric density of 20 per gram 
Sul fad I axlne produces a density of 37 .5 per mgm Hence brain contain* about 0.5 mgm of 
B por gram 

ParaUtlitm Bttvcen Tot* Evidence was obtained that both test* measure the same 
molecule though reacting at different lod This evidence fall* under two headingi 

In the first place the test* interfere with one another and are able to reverse each otb*r 
Thl* wa* demonstrated by suitably adjusting the concentration of the arylamine and thio- 
barbitunc acid reagent* and by making use of the fact that tbe pigment* developed from 
them have widely separated absorption band* Thus In a Ipven preparation the absorp- 
tion through filter 400 represent* the arylamine moiety whereas that through filter 530 
represent* the thlobarbiturio add For example by testing icpsrate aliquot* with cither 
1 mgm of p-aminoacetopbenone or 3 mgm of thlobarbiturio acid a diluted extract wa* 
found to assay at 0.22 a-unlt* or OJ53 t unit* per ml A third aliquot wa a treated first with 
tbe arylamine for SO minutoe then with tbe thlobarbiturio acid and finally wa* made up to 
10 ml and read In the colorimeter through the 400 and 520 filter* It assayed at 0.06 o-unlts 
and 0.22 t-unlt* per ml Hence the thlobarbiturio add test reversed mdeh of tbe arylamine 
and neither wa* able to develop full color Thl* indicates that both teats deal with the 
game molecule which is consistent with the fact detailed later that drugs inhibiting the 
production of B always do so by both teste 

On the other band the ratio of (< unlt*)/(a-unlte) vaiie* somewhat under various condi 
tlon* For example in 0 consecutive extract* prepared and tested by the standard tied 
procedure the ratio varied from 1.23 to 1 47 When retested after agoing at 5*C for 10 
days the ratio had increased significantly in every case the range being from 1.6 to 2.3 
Evidently each test measure* a different group the aryiamlne reacting with the less liable 

Isolation. Tbe pigment* developed In the arylamine or thl obarWt uric add teat* can be 
extracted into iaoamyl alcohol but not ethylacetate ether chloroform or toluene Dilute 
alkali will remove them from the isoamyl alcohol A concentrated thl obarblt uric add 
derivative can be prepared by adding about 4 mgm of thlobarbiturio add per mb directly 
to the trichloracetic add extract and boiling for about 10 minute* The solution U then 
•trongly alkallxod whereupon the pigment become* doep purple and separate* completely 
The precipitate can be re dissolved in dilute acid The removal of the pigment from the 
alkaline solution 1* doe to it* absorption on a precipitate The pigment can be kept In 
alkaline solution by the following procedure trichloracetic add extract j* ■ trongly alks 
ilred and the colorless p red pi tat e removed. The pH 1* then brought to 1.5-2 ,5 tbe color 
developed by the addition of thiobarbituric add ami the pH rendered alkaline. 

Experimental results The influence of n number of variables upon tbe 
accumulation of B was studied utilizing the standard conditions described under 
Methods. It is of some general interest that B is found in appreciable quantities 
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only following the incubation of the tissue Freshly taken brain, for example, 
never contained more than 20 per cent of the amount produced after incubation’ 
and usually contained less than 10 per cent Evidently B accumulates only 
under the abnormal conditions of mcubation Two mechanisms could be 
responsible either the abnormal conditions make possible the formation of B, 
or they inactivate the system which normally removes B as rapidly as it is formed’ 
The effect of pH was checked in a number of experiments The maximum 
production of B was obtained with an initial pH m the range of 5 6 to 6 Taking 
this equal to 100, the relative production at other reactions was pH 4 5, CO, 
pH 6 5, 76, pH 7 2, 66, pH 8 0, 30 During the course of mcubation, the initial 
pH rose or fell several tenths of a unit in the direction of pH 6 to 6 6 
The effect of oxygen tension is shown m table 1 Two different concentrations 
of brain were employed 60 and 100 mgm per ml The oxygen consumption was 
measured in the Warburg apparatus at 37 6° The table shows that the respire 

TABLE 1 

Effect of oxygen tension 

The oxygen consumption of two concentrations of brain brei was measured in the War 
burg apparatus at 37 6°, in air and in oxygen The suspending medium was saline phos 
phate, pH 6 At the end of 80 minutes, the suspensions were washed out of the vessels, 
and the production of B determined by both tests 
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0 93 
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Air 

0 79 

8 4 

11 2 


0, 

0 74 

12 3 

16 7 


tion was practically unchanged when oxygen was substituted for air, establishing 
that diffusion was not a limiting factor in the rate of respiration The table 
also shows that the rate of respiration (per gram of tissue) fell about 20 per cent 
upon diluting the suspension from 100 to 60 mgm of brain pier ml The behavior 
of the respiration with respect to dilution and oxygen tension contrasted with 
that of the system responsible for the accumulation of B The use of oxygen 
increased B by 60 per cent, while dilution was without effect It is cunons that 
oxygen is necessary for the production of B, although, as just noted, no oxygen 
consumption appears to be mvolved Perhaps the production of B does not 
involve the oxidation of a precursor, but only the oxidative activation of an 
enzyme In any event, this experiment establishes that oxygen tension can 
influence the metabolism of brain independently of the oxygen consumption 
The production of B was not peculiar to brain, although the latter was more 
active and uniform m this property than the other rat tissues tested This is 
illustrated by the following data for several groups of animals, expressed m t- 
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units per gram brain 20 G, 22. G 16.3 brer 21 4 13 1 10 4 kidney 3 7, 9 7 
10.8 f spleen, 5 1 4.5 5 9 heart, 6 8, 3.3 testis, 7 9 11-2, skeletal muscle 3 4 
4 8, small mtestine, 1, 0 4, pancreas 0 6 0.3 Human blood either defibrmated 
or oxalated, was inactive. Through the kindness of Dr H. Odum of the De- 
partment of Surgery three brain tumors were obtained immediately upon 
excision Tested at pH 7, a positive result was obtained with an astrocytoma, 
negative results with a meningeal fibroblostoma and a glioblastoma. 

Precursor and Cocnsrtjmt The production of B by brain during incubation 
was enhanced by the addition of extracts of brain or of other tissues. These 
extracts were prepared by grinding fresh (unincubated) tissue with sand m 5 per 
cent trichloracetic acid, filtering or centrifuging and adjusting the pH to 6 
before use. The effects were readily obtained with brain suspensions incubated 
at pH 7 oa well as 6 and also in air To double the rate of production of B 
without very much increasing the amount produced, brain suspensions werro 
made up to contain a final concentration of 25 to 60 mgm. of brain extract per 
ml. and then incubated as usual The total production was increased 60 per 
cent by using 5 tunes this amount of extract. Extracts of human blood and 
crude coeniyme II (16 per cent pure 1 mgm per mL of suspension) markedly 
increased both the rate and the amount of production. Extracts of rat liver 
kidney and skeletal muscle also increased the rate of production. We suppose 
that increases in rate of production due to the addition of extract signify the 
presence of a coenxyma, while increases in total amount indicate the addition of 
a precursor 

Inhibitors. In order to obtain some idea as to the poesdble physiological mg 
mficance of the system producing B, the effect upon brain suspensions of a num 
ber of commonly employed drugs was examined. A preliminary survey' was 
first undertaken in which very high concentrations were tested both for inhibi 
tion and acceleration. Since no drug was found to increase the rate by more 
than 25 per cent, this aspect of the problem was not investigated further Like- 
wise, those drugs which failed to inhibit by at least 50 per cent were also dis- 
carded. The tests were earned out as usual except that the pH was either 7 or 
05 

The following is a list of drugs discarded in tho preliminary survey 

Totted at 60 mffwt -per 100 w\l~ •odium ailde iodoaretic arid nicotinic acid aacorbia 
add thiamin chloride riboflavin and pyridoxin letltd all 00 mpm. p<r 100 ml of tutpeimoru 
chloral hydrate atropine caffeine cocaine antultrin dll an tin dil undid ephednne g nan l 
dine hietamine mecholyl mctraxolo nicotine phenobarbltal pilocarpine papaverine 
picrtrtcndn phyaoatlgmine pltreaain pitoein quinine strychnine aallcyllo add a^mantine 
adenine 2-amlnopyrimldine acetylcholine digalon (Roche) dlgifohn (Ciba) dihydro- 
beta-crythroidin guanine hyoecine J-hktidlne iodoacetlc aad tiocytoaloe lodoacet* 
mlde di-lymine ouabain phenyl ethyl amine tryptophane qulnidine 

Tweh o agents were found which inhibited the production of B by more than 
60 t>er cent Aqueous extracts of digitalis leaves (Davics-Roso Upshcr-Srmth) 
inhibited by more than 00 per cent, but since the purified preparations listed 
above were without effect no further work in this direction was done When 
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tested at 100 mgm per 100 ml , morphine inhibited 60 per cent, KjFe(CN) e 
75 per cent, and benzedrine 90 per cent The actions of morphine and benze- 
drine were not investigated further because close relatives of both appeared to 
act more powerfully ' 

In the case of the remaining 8 agents, the concentration was determined which 
inhibited the production of B by 50 per cent at pH 6 5 in oxygen, during a 
SO minute period of incubation 30 mgm per 100 ml of intercostnne, Squibb 
(purified curare) , 0 005 M KCN, approximately 0 001 M ergonovme, 0 0001 
ergotoxine, 0 00006 M ergotamine, 0 0001 M epinephrine, 0 0001 M vitamin 
K (2-methyl-l ,4-naphthohydroquinone diacetate), 0 00001 M apomorphine, 
0 0001 M emetine 

The action of cyanide may perhaps be explamed on the basis of its ability to 
inhibit cellular respiration, though the relationship between cellular respiration 
and the production of B seems to be rather indirect In the case of epinephrine, 
vitamin K, and apomorphine, a common mode of action may he in their capacity 
to be revereibly oxidized and reduced, for each contains a benzene ring with two 
OH-groups, in the ortho position in apomorphine and adrenaline, and in the 
para position in vitamin K Further support for this pomt of view hes m the 
fact that methylene blue at 10~ * M inhibited the production of B by more than 
90 per cent The action of emetme and of the lysergic acid denvatives can not 
be explamed However, it is of interest that the ability of ergonovme, ergotoxm 
and ergotamine to inhibit the production of B parallels their toxicity 

Chemical Structure of B The data presented under Methods taken m conjunc 
tion with that below allow certain inferences to be drawn concerning the possible 
chemical structure of B For the sake of brevity, we shall summarize it here in 
more or less outline fashion 

1 The colors produced from the reaction of thiobarbitunc acid with sulfa- 
diazine, or 2-ammopynmiduie, or B, are identical This is strong evidence in 
favor of an ammopynmidme structure On the other hand, B is not identical 
with 2-ammopynmidine, or with a derivative of the sulfadiazine type, because 
its reaction with thiobarbitunc acid is more rapid, responds differently to pH, 
is blocked by nitrous acid, semicarbande and hydrazine, and is subject to inter- 
ference (or competition) by arylammes such as p-aminoacetophenone 


The nature of the absorption spectrum was discussed under Methods The effect of pH 
upon oolor development in the thiobarbitunc acid test is shown in figure 3, where it is seen 
that B behaves differently from 2 aminopynmidme and sulfadiazine below pH 2 5 A 
further distinction is the time in the water bath required for maximal color development, 
which is less than 5 minutes for B, 45 minutes for sulfadiazmd, and more than 135 minutes 
for 2 anunopynmidine The addition of 2 mgm of semicarbazide HC1 of or hydrazine 
sulfate to the aliquot before adding the thiobarbitunc acid reagent will inhibit subsequent 
color development by at least 90 per cent in the case of B, but does not affect the color from 
Bulfadiazme Preliminary treatment of bram extract with nitrous acid (0 5 ml of 1 per 
cent NaNOj per ml of extract for 10 minutes, followed by 0 6 ml of 5 per cent ammonium 
sulfamate to destroy the excess mtnte) will inhibit subsequent color development by 90 
ner cent, whereas it will increase the color from sulfadiazine by 25 per cent, from 2 am roo- 
pyramdine by 200 per cent, and from p hydroxybenzaldehyde by 35 per cent (filter 400, no 
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heated) Interference by p-amJnoacetophenone era* deacribed under ParalUhtm Better in 
Ttrtt 

2 The possible presence of a characteristic oxidired group is suggested by 
several lines of evidence B is produced only under aerobic conditions The 
arykrome test suggests an aldehyde (aromatic), and the test is blocked by semi 
carbadde and hydnuine which react with aldehydes and by thiobarbitunc add 
which reacts with aromatic aldehydes. On the other hand, the typical aromatic 
aldehydes reacted differently from B in the arylamine test and produced dis 
tinctly different and characteristic absorption spectra in the thiobarbitunc 
acid test 



Fio 3 Effect or pH os Color Iktxjtuty im tub Tin o barb jtu*to Acid Tm 
Note that 2-ami nop ynmldl oa and aulfadiaalne behave alike where** brain evtraet 
(lubetance B) differ* below pH 2 


3 The fact that both testa interfere with each other as described under 
Method t and that both are blocked by hydraxine, semicarbaiide, or preliminary 
treatment of the extract with nitrous add, argues that both testa are concerned 
with the same molecule. However the behavior of both testa during the pro- 
duction of B and during its Io3a resulting from the ageing of extracts (see Method*) 
argues that each test is concerned with a separate locus on the molecule 

In checkins on the specificity of the aryl ami do teat only certain aromatic aldehyde* 
were found to produce color but the absorption apectra of none matched that of B the two 
eloaeat belnj p-dimethyiamlnobetualdehytk (peak at 450 millimicron*) and p-hydroxy 
benxaldehyde (peak at 370 millimicron*) The reaction* of three two al#o differed from that 
of B In that leas color waa developed with p-amlnoocetophenone than with p aminobenioic 
acid and in both ease* the Intensity of color wa* reduced by 60 per cent when the teat was 
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earned out in 90 per cent alcohol The intensity of color developed from B is not affected 
by thesp conditions The addition of 2 mgm of either hydrniwe sulfate or semicarbande 
hydrochloride to the aliquots of extract inhibited subsequent color development m the 
arylamine test by more than 90 per cent, as did preliminary treatment of the extract with 
nitrous acid (as described above) It was noted under Methods that the absorption spec 
trum of the B thiobarbituric acid pigment is not that of an aldehyde 

4 The loss of activity following treatment of extract with nitrous acid sug- 
gests that an ammo group is present m B Diazotization, however, does not 
occur, because the addition of the Bratton and Marshall reagent N-(l-naphthyl) 
ethylenediamme after nitrous acid treatment produced no color 

SUMMARY 

1 Suspensions of tissue incubated aerobically produce a substance arbi- 
trarily called B, which can be measured quantitatively by two empirical tests 
Evidence is presented suggesting that B contains an aminopynmidme, an amino, 
and an aldehyde group 

2 The best producers of B are brain and liver, followed by kidney, spleen, 
heart, testis, and skeletal muscle Small intestine, pancreas and blood produce 
none One astrocytoma was active, whereas a glioblastoma and fibroblastoma 
were not 

3 A detailed study was made of the production of B by suspensions of brain, 
the chief results of which follow 

4 The addition of tissue extracts (blood, liver, kidney, etc ) to bram enhances 
the rate and amount of B production, suggesting the activity of coenzymes and 
precursors 

5 Apomorphine, ergotamme, emetine, ergotoxin, epinephrine, menadione, 
and ergonovme (arranged m descending order of potency) are the most power- 
ful inhibitors of B production KCN and methylene bluo also inhibit 

6 The rate of B production is increased by incubation in oxygen instead of air, 
even though the rate of respiration remains unchanged It is thus possible for 
oxygen tension to affect the metabolism of bram without changing the rate of 
respiration 
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In on excellent review of the literature upon tho expcnmental And clinical 
studies relative to dlmtrophenol Homer (I) stated that all attempts to produce 
cataracts by the administration of thnitrophenol in animals had failed. 

We (2) reported in an earlier paper the production of cataracts in the young 
chick 10-50 days old. Inasmuch as all of the cataracts observed in man follow- 
ing tho uso of dimtrophenol had occurred m adults (30 years old or over), wo 
thought it of interest to determine the influence of ago upon the susceptibility 
of tho lens of the chick to dimtrophenol 


TABLE 1 

Effect of i 4 diiUimpkertol eodixtm 0JU% m On fttd upon On lens and weight of dticks of 
tarying apt 
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Procedure AH of the chicks used (white rock) were of a single hatching and 
were bought when one day old. They were kept on a diet of Punna-fitartena 
until 4 weeks old and then placed on a growing mash which was later replaced 
by a laying mash When the chicks wore 06 days old or over as noted in Table 1, 
small groups wore given a diet containing 0.26% dinltrophenol sodium. The 
chicks on the drug diet were observed daily for tho presence of opacities in the 
lenses. At regular inten als chicks were sacrificed and the lenses removed for 
mloroscopical study 

Results. In 14 out of 16 chicks vaiying in ago from 66 to 300 days, the 
ingesting of food containing 0.25% dimtrophenol sodium led to the development 
of opacities of the lenses. In three chicks the opacities which developed during 
the Amt few days upon the drug diet cleared up later whilo the chicks were still 
on the drug diet- In ono chick, 300 daj's old when placed on the drug diet no 
opacities were observed. 

1 Thu work wu supported by & grant from the MaJlinekrodt Chemical Work* 
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Upon microscopical examination of sections from tfie lenses the typical changes 
as noted in our earlier study -were observed, there were fine vacuoles m the lens 
fibers under the anterior capsular membrane and large destructive changes in 
the posterior portion of the lens The lesions in the anterior portion of the 
lens usually healed in 6-10 days while the chicks were still on the drug-diet so 
that neither gross nor microscopic changes were observed The lesions in the 
posterior part of the lens usually persisted until the chicks were sacrificed for 
microscopic study In only one chick (300 days old) were there neither gross 
nor microscopic changes observed 


8UHMABY 

The effect of age upon the development of cataract m chicks ingesting a diet 
containing dimtrophenol sodium has been investigated 
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INFLUENCE OF TEMPERATURE, LIVER AND KIDNEY ON THE 
TOXICITY OF CAFFEINE IN BUFO ARENARUM HEN8EL 

B GUNTHER 1 xxx> J B ODORIZ 
Pkyitolofical Dtpariinml Bu*no$ Airtt Midi cal School 

CafTeme is less toxic, per unit body weight m small toads than m large ones, 
in the former the weight of the organa and their metabolic functioning are pro- 
portionally greater Further and contrary to what fa usual with other drugs 
caffeine a toxicity is much higher at low temperatures and diminishes ‘pari 
passu with their increase (GQnther and Odorix 1045) Following these finding* 
wo have continued our studies and in the work here reported present explanations 
for the differences mentioned. 

Methods. We used m our experiments, earned out during the aut umn, 
only males of Bvjo arenarum Hensel, just gathered m order to obtain unif orm 
results For the experiments at different temperatures we placed the toads in 
glass containers with a definite quantity of water with the double purpose of 
avoiding dryness and maintaining a uniform temperature. 

Caffeine sodium benxoate (Merck) in a 10% solution in Ringer was injected 
into the ventral lymphatic sac To measure the amount of urine eliminated, 
during a period of time, tho bladder was emptied and then the cloaca was oo- 
cluded by means of a circular suture. In one series of experiments hepatectomy 
was earned out following Foghas technique (Foglrn, 1942) In an other senes 
ligature of both ureters was practised by ventral paramedian incision under ether 
anesthesia. In some cases the amount of caffeine eliminated m the urrne was 
determined 

Results A) Relation between temperature diurctu caffeine elimination 
and body weight. To observe the influence of temperature on diuresis one 
group of toads was kept at 4°C and three others at 33°C during 90 minutes 
In tablo 1 it can be seen that at 4 C the toxldty of caffeine is much higher 
than at 33°C the diuresis fa about seventeen times smaller at the lower temper 
a tore. Another factor which influences diuresis is the weight of the body Le 
s mal ler animals have a greater elimination of urme per 100 grams of weight 
than larger ones This fa in agreement with the finding of Gtlnther and de 
Soldati (1943) that tho amount of renal parenchyma in Bvfo arenarum Hensel 
fa relatively greater in smaller toads 

In table 2 there is given in addition to figures on caffeine toxicity and urrne 
excretion those of the percentage excretion of caffeine and xanthine derivatives 
(determination after Richter 1909) in a two hour period under high and low 
temperatures The elimination of caffeine in 2 hours amounts to leas than 10% 
of tho injected quantity Tho elimination of tho xanthine derivatives In the 
controls was Insignificant (0 15 mg /100 grains body weight) 

To appreciate tho effect of temperature alone on caffeino toxicity wo used 

1 Physiological Department Unlretrity of Conception Chile 
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toads of the same weight Under this condition mortality is very high at low 
temperature (4°C ) On the other hand, high temperature (33°-36°C ) protects 
against the toxic effects of caffeine and only very slight symptoms of intoxication 
were observed 

The elimination of unne m the controls placed at 36°C was approximately 
double that at 4°C The diuresis at 36°C is 50% greater in the caffeine group 
than m the control group But at low temperature not only is the diuretic 
effect of caffeine absent, but its toxic action at this temperature is so rapid that 
a suppression of unne flow occurs 


TABLE 1 

Exp 17 JV 43 — Emptying of unne bladder, Ugalure of cloaca after a period of SO minutes nt 
the indicated temperature and then injection of caffeine todtum beneoate, 90 minutes later 
the unne was collected and measured 
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B) Influence of temperature on toxicity The protective aotion of higher 
temperature cannot be explained by the increased elimination of caffeine by the 
renal system because less than 10% of the drug is eliminated There must be 
other factors, l e a metabolic and a nervous one The metabolic acceleration 
due to higher temperature has the effect of increasing the chemical phenomena 
of detoxication (demethylation) Just a few degrees of temperature difference 
change the rate of metabolism Galh Mainini (personal communication) 
found in Bufo arenanm Hensel with 16°, 18 5° and 22°C the following metabolic 
rates 4 5-5 25-6 85 cc 0j/100 g /hr in males at the end of winter In table 3 
the remarkable dimin ution of mortality when the temperature goes from 11 to 

25°C is shown , ,, 

The striking difference of symptomatology observed cannot be explained oy 
better elimination and detoxication at higher temperatures The symptoms 
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are markedly different right after the injection at a time when these two factors 
should have been unable to neutralize any great amount of active drug given 
We must conclude then that this difference a caused by the special reactivities 
of the nervous tissue to this drug at different temperatures 

TABLE 2 

Sxp t7JV43 — -Bvfo artnanun Hnu*l main 
Same experimental condition* a* In pterion* table Injwtioo of 0 7 gVk* caffeine 
■odium benioate After two hour* at the Indicated temperature the animal* were pit bed 
and the bladder urine collected. 
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4 
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■ 

0 
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0 

Control* 

112 

112 

36 

0/2 

22 5 

10 0 

0 13 

0 

0 


111 

110 

116 

4 

0/3 

15 0 

4 45 

0 15 

0 

0 


C) Influence of Itver and kidney It was very important to elucidate the role 
played by these organs m processes of caff erne detoxication With the extirpation 
of lher or the ligature of both ureters at room temperature (20*C ) there are no 
symptoms of a grow functional disorder within three dayB The liver ex 
tirpation appears to be less injurious than the renal exclusion The latter be- 
comes still more injurious If tho animal be placed at 33°C The simultaneous 
exclusion of both organs has obviously a more severe effect than that of either one 
of them alone (see table 4) 
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TABLE 3 

Exp £0211 43 and £JV 43 Toxicity of 0.8 g /kg caffeine sodium benzoate at 
different temperatures 

The animals wore placed lor 20 minutes at tho experimental temperature boforo the 

injection 


OTOUT 

BODY Iirt 

TIM 

mA 
TOtZ *c. 

UOK 

TAUTY 

BYICTTOM* 

Controls 

Medium 

4 

0/2 

Hypotonus Total arofloxia, except corneal 





reflex 


Modium 

33 

0/2 

Slight hyporreflexia 

Injeotod 

Medium 

4 

2/2 

Hypertonus very marked Slowing of all move 

with 

86-120g 



monte 

oaffomo 

Medium 

33 


Hyporreflexia Positional rofloxes ononnously 


85-120g 



accelerated 


Smaller 

11 

3/0 

Generalised muscular hyportonus Forelogs 


than 80 



flexed and hindlegs extended 


£ 

25 

0/0 

Slightly excited 


TABLE 4 


Exp 92V 43 — Effect of liver extirpation, ligature of ureters or both simultaneously at 
different temperatures 


No Or TO AM 

5 

5 

4 

J 

Mean wefjfat, 
pn 

100 

120 

>100 

120 

Operation 

Total 

hepatectomy i 

Ligature of both 
ureter* 

Both operations 

Ligature of both 
ureters 

Temperature 

20 C 

20 C 

20 C. 

H C 

Symptoms 

tology 

Normal bo 
havior 
for throe 
days 
after 

After throe days 
some died, tho 
others which 
survived at 
least five days 
wore very 
odomatouB 

Seventeen hours, ono 
was normal, two with 
slowed positional ro 
Doxcb and ono with 
these refloxes abol 
ishod 20 hrs ono 
dead Three days 
only ono alive 

Throe and n half 
hours In good 
conditions 

All died before 
eighteen hours 

Maximal sur 
vivnl tune 
observed 

1 > 3 days 

5 days 

3 days 

< 18 hours 


Tfrom table 5 it can be seen that the ligature of ureters in animals at 33°C ,a 
procedure that by itself produces death in less than eighteen hours (see table i), 
intensifies enormously the toxic effects of caffeine, 1 e m less than ours 
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seven of tie group of ten have already died tie controls being all alive after this 
period 

A dose of 500 mg /kg of caffeine sodium benzoate injected into a hepatec 
tomUed animal, not lethal in controls produces a definite mortahty as can be 
seen in table 5 With a larger dose (800 mg /kg.) but smaller than DI« tie 
mortahty is 100%. When both operations are carried out in the same animal, 
the dose of 200 mg /kg about a fifth of DL**, shows a high mortahty 
TABLE 5 


Exp SI JII43 ond IS.IV4S —Toxicity of caffnne sodium bmroali al different (tm per a turn (h 
an (malt vilk liffahere of boik vrtttn krpaUcUmf or both ttmulUatoiulf 


Tiwurm 

•c 

u 

a 

” 1 

3} 

20 

1 » 

20 

Operation 

Lifitvni at 
•mm 

HrpatactmT 1 boon Wort l«)*ctlca 

bot* nrrtcn 

**-Ax 

*» 

MO 

too 

1000 

20 | 

100 

300 

Nombw oi 
ubuU 

10 

. 

s 

. 

1 

1 

3 

I*d I IcfcuU 

wo-it*-ii# 

IW-HU-tOi 

ID- H- H 1 

ao 

100-UO 

106-110 

toe - 120 

100-120 

ioo-i» 

100-126 

Symptom* 

tology 

90 min all 
elrve 

2 boor* 
all 
alive 


B 





120 min 0 
dead and 3 
dying 


2 hoar*- 
ell 
dead 


No 

■ymp- 

tomfl 

No 

■ympH 

toma 

2 hr* 1 
dead 


100 min 7 
dead 

All died before 
IB hr* 







Mortality 
observed 
24 hour* 
afterward* 


H 

C/6 

5/5 

0/5 

0/6 

4/5 


* All control* with caffeine and without ligature of ureter* were alive ISO minutes after 
the Injection 


From the above experiments it can be deduced that the exclusion of the hepatic 
function docs not disturb the mechanism of caffeine do ton cation to such a 
degree as follow* renal exclusion. It fa very interesting to point out the im 
portant role played by the kidney in caff one detoxication on account of the 
fact that the renal elimination of the drug as such fa less than 10% of the m 
jeeted dose. 

There ore two possible explanations for those results a) the renal tissue is 
able to detoxicate caffeine directlj b) the kidney is able to eliminate the sec 
ondary products of caffeine or those produced by the intoxication itself 
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As Bock (1920) pointed out the tonicity of the secondarj products of caffeine 
is much less than that of the original substance That is why we believe that 
the first assumption is more probable, especially on account of the fact that the 
detoxication process is earned out in all tissues, with more or less intensity 
Discussion In general, substances possessing a tone action are more active 
when temperature is raised (Saint Hilaire, 1893, Langlois, Richet, 1895, Matisse, 
1919, Lambruschini, 1938) But Sollmann (1942) describes experiments of 
Salant (1913) which prove that caffeine has a diminished toxicity at temperatures 
above 34°C Saint Hilaire (1893) establishes that those substances which are 
eliminated quickly, increase their toxicitj v, hen temperature is lowered This 
is the case of the drug under study a higher temperature increases the renal 
function of poikilotherms as can be seen from the experiments here reported 
At the same time caffeine accelerates its own elimination due to its diuretic 
effect, which was proved also directly in the frog’s kidney by Richards and 
Schmidt, 1924, White, 1935, Hayman and Starr, 1925, and Richards, 1935 
The striking difference of toxicity between those drugs whose toxicity in- 
creases with the increase of temperature, and caffeine with a greater toxicity at 
low temperature, can be explained by the following two possibilities 

a) The interaction between tissues and drugs is intensified at higher tem- 
peratures m the case of most of the drugs In the case of caffeine the demethyl- 
ation process which is increased by higher temperature gives secondary products 
of low toxicity 

b) The higher temperature increases the excitability of the nervous system in 
a manner corresponding to the effect of the drug itself It is interesting to note 
the existing parallelism between the actions of strychnine and cold in one side 
and the accelerating effect upon nervous reactions by heat and caffeine on the 
other 

The following data are derived mainl y from studies earned out on isolated 
frog’s nerve, which according to Gasser (1939) may be considered a sample of 
nervous tissues The increase of temperature produces a shortening of chronaxia 
(Cr) and “Emschleichzeit” (EZ) and an increase of rheobase (Rb) (Schnever 
and Cebulla, 1939) The diminution of temperature mcreases Cr and E Z and 
diminishes Rb with rhythmic response to threshold current (Schnever and 
Ehrhardt, 1939) On the other hand, Schoepfle and Erlanger (1941), using 
single fibre preparations, found that cooling resulted in an increase of threshold 
and the height and area of the spike We point out especially that Erlanger, 
Blair and Schoepfle (1941) showed that cooling increased threshold spontaneous 
oscillations Strychnine produces an increase m Rb and also spontaneous 
oscillations (Erlanger, Blau and Schoepfle, 1941), a reduction of accommodation 
(Bartley, 1939) and of Cr (Lapicque, 1913) Cr is also reduced by caffeine 
(Flamm, 1929) The effect of cold on the central nervous system of batrachians 
was also demonstrated by Ozono de Almedia (1943) 

The findings mentioned above suggest the bases for understanding the greater 
susceptibility to sttychnme of animals placed at high temperature 1 and that to 
caffeine of those kept at low temperature 

. Penh 03 (1343) found recently that Dl« of strychnine in Bufo arenamm Hcnsel at 6°C 
is about fifty times higher than at 35°C 
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SUMMARY 

1) Per unit body weight. Email Bxtfo arenarum Hensel compared with large 
ones, have a) more diuresis and b) after the injection of caffeine a larger amount 
of xanthine derivatives eliminated. In not a single instance was more than 
10% of the injected caffeine eliminated in two hours 

2) Toxicity of caffeine is much higher at low temperature (4 C ) and di 
minishes with thermal increase 

3) At low temperature symptomatology is more intense diuresis ceases and 
death comes earlier 

4) Toxicity of caffeine is greater after certain operations and increases m the 
following order 1st hepatectomy 2nd ligature of both ureters 3rd with both 
operations together At 33°C ligature of ureters considerably increases the 
toxic action of caffeine. 

We are indebted to Professor B A. Houssay for his helpful advice and valuable 
criticism 
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From reports appearing m the literature concerning penicillin it may be 
deduced that there are two outstanding obstacles to the extensive or intensive 
therapeutic use of the antibiotic agent granting its unusual efficacy These 
problems are the preparation of penicillin and the wasteful manner m which the 
body disposes of such a valuable agent The increasing availability of the agent 
attests to the strides which are being made in overcoming the first obstacle 
The frequency with which large amounts of penicillin must be administered 
during the course of therapy is an acknowledgement of the second problem which 
has not been challenged adequately 

There appears, then, to be two means whereby one can make available more 
penicillin both from a practical and a therapeutic standpoint 1) by increasing 
production and 2) by increasing the economy with which the body handles 
penicillin, from a physiological standpoint The successful accomplishment of 
the latter problem is the subject of the investigations reported herein 

Three avenues are open for the excretion or inactivation of penicillin I) inacti- 
vation by oxidation, reduction, or conjugation within the body, 2) excretion of 
penicillin into the gastro-intestinal tract, either directly or indirectly, and 3) 
renal elimination 

Indirect but presumptive evidence has been pointed out for the inactivation of 
penic illin in the body when it is administered parenterally Abraham, Florey, 
and associates (1), Rammelkamp and Keefer (2), and Rammelkamp and Bradley 
(3) found that 00 per cent or more of a single injection of 5,000 to 10,000 Oxford 
units of penicillin was recoverable m the urine It was their opinion that the 
remainder probably was inactivated Our investigations substantiate their 
findings and interpretation However we were not aware of information as to 
the probable mode of inactivation of the compound other than the work on 
“penicillinase” which has been reported to be a component or product of certain 
penicillin-resistant microorganisms (4) 

It has been reported that penicillin administered parenterally appears m tho 
bile in amounts which would suggest the process to be of only secondary im- 
portance (5), normally A critical evaluation of the amount of penicillin ex- 

1 A preliminary note on this subject by Beyer, Woodward, Peters, Verwey and Mattm 
entitled “The Prolongation of Penicillin Retention in the Body by Means of Para Amino- 
hippuric Acid” was published in Science, 100 107 (Aug 4) 1944 
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ere ted throughout the length of the gastro-mtestinal tract would be complicated 
by the enxymntic” inactivation of the agent by mtestmal organisms (4) 

The very rapid elmunation of penicillin by the kidneys was first reported by 
Abraham Florey, et al and has been confirmed repeatedly Indeed the remark 
ably large amount of penicillin that very rapidly appeared in the urine made it 
feasible to recover the agent for repeated use from the urine of patients receiving 
penicillin (1) when the amount of penicillin available was seriously limited by 
production facilities and mothoda 

The very great rapidity with which p enicillin disappears from the blood 
stream and appears in urine Is a major disadvantage m therapy and suggests 
that it might be eliminated by some other mechanism in addition to glomerular 
filtration. It occurred to us that it might be possible to suppress the secretion 
of penicillin by the simultaneous administration of p-amlnohippunc acid (PAH) 1 
which first was reported to be excreted by the renal tubular epithelium by 
Finkelstoin, Aliminoea and Smith (0) Since then Smith and his associates have 
oontmued to study the renal excretion of PAH m humans and dogs (12) as 
has Bing (7) Lnuson, Bradley and Couniand (8) and Warren Brannon and 
Merrill (9) Rammdkamp and Bradley have reported that the excretion of 
penicillin in unno was depressed by the injection of diodraat (3) 

Methods The deierminalxon of pentciUtn in body fluids must necessarily 
bo performed as a microbiological assay In this particular problem where the 
quantity of penicillin in plasma and urrne was to be determined, the usual Plorey 
cup plate method was not completely satisfactory because of the small conccn 
trntion of penicillin that frequently occurred in these body fluids at various 
points in the experiment. Therefore we used a modification of the technique 
that was proposed by Rammelkamp (10) He made use of the fact that peni 
dllm m extremely small quantities inhibited the growth and, correspondingly, 
the hemolysin production of a hemolytic streptococci. 

In our experiments, as in his, 0.2 cc of various dilutions of body Adds contain 
ing penicillin was added to 0 6 cc. of a one percent horse blood broth containing a 
1 1000 dilution of an 18-20 hour Group A streptococcus cdture. If there was 
sufficient penicillin in the dilution to inhibit the growth of the streptococcus the 
cdture, after incubation was dear and the unhemolyted red blood cells had 
settled to the bottom of the tube to form a readily recognuable button. If on 
the other hand there was insufficient penicillin In the tube, the streptococcus 
cdture on incubation grew and produced hemolysin which in turn lysed the red 
blood cells Such tubes codd be differentiated readily from those in which 
hemolysis had not occurred All assays were incubated at 37°C for 18-22 hours. 

Tests with known concentrations of penicillin indicated that the streptococcus 
cdture used was sensitive to 0 005 to 0 002 Oxford Unit of penicillin Inasmuch 
as 0.2 co. of body fluid or a dilution thereof was employed m the test, 0 01 or 0 02 
unit of penicillin per cc. of plasma or unno codd be detected A few of the 

1 Since this Article was submitted for publication It hnj been decided to use the eb- 
brerlatlon (PAH) for p-amloohippuric Add And Its sodium salt Instead of (PAHA) which 
Appeared in the 0 ritual report and also in the fijurea submitted with this manuscript. 
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earlier expenments were performed using double dilutions for the titration of 
penicillin m body fluids It soon became apparent that the increments betu een 
dilutions could be cut m half without sacrificing the accuracy and sharpness of 
the endpoint Consequently, the majority of penicillin titrations have been 
performed using a half step dilution system which progressed 1 2, 1 4, 1 6 1 8 
1 12, etc This procedure was very valuable in that it doubled the accuracy 
with which individual penicillin values could be determined and made it pos- 
sible to obtain much more reliable and critical figures for clearance values, per- 
centage recoveries, plasma concentrations, etc A standard penicillin solution 
was always included in each group of penicillin titrations and the unitage of 
various samples was assigned on the basis of a comparison with the standard 
solution 

Wherever possible, the quantity of penicillin used was checked by means of the 
standard Florey cup plate procedure All values for the dosage of penicillin 
administered and the percentage of penicillin recovered m the urine were deter- 


TABLE 1 


Recoveries of penicillin from unne of dogs receiving PAH 


FEJacnxm sodium 

2,460 oxtoid 
u /CC. 

1 CC. DILUTED TO SO CC. — 4 9J 0X70 ID 

U /CC. 

Expricmcnt 

Dupllcmte delennimtioru 

| Simple 1 

Simple 2 

I Distilled HjO (Control) 

II Unno 

III PAH unne (cone PAH — 669 4 mg / 
100 cc ) 

pB 

6 8 

7 1 

46 

62 6 u /cc 

46 0 u /cc 

47 7 u /cc 

52.5 u /cc 

45 0 u /cc 

47 7 u /cc 


mined by means of the Florey cup plate procedure, which is conceded to have 
an accuracy of about ± 15 per cent 

There were a number of factors that we felt might influence our results, and 
these were eliminated as sources of error In table 1 are compiled data concern- 
ing the effect of adding penicillin to normal unne at essentially neutral pH and 
to unne containing a high concentration of PAH at pH 4 5, the samples being 
obtained from a dog Equal amounts of penicillin were added to the unno 
samples and to water, and were allowed to stand at room temperature for 4 
hours, a penod exceeding considerably the maximal length of time unne or 
plasma samples were permitted to stand before refngeration at 0-5°C The 
results presented in table 1 show that there was no significant decrease in the 
penicillin content of unne under these conditions, as assayed by the Florey cup 


plate method 

To use the more sensitive Eammelkamp method of assaying penicillin it was 
necessary to conduct all the expenments under aseptic conditions, a situation 
new to renal clearance studies m dogs, so far as we were aware This necessitated 
designing apparatus for the collection of unne and washing out the bladder with 
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air and water which made use of a closed easily sterilized system of bottles 
tubes and filters as diagrammed m figure 1 The apparatus has proved most 
satisfactory for tho collection of sterile unne samples. 

The procedure for the use of this apparatus for tho collection of unne samples 
was as follows Clamp (a) was released the unne was permitted to flow by 
gravity into the atonic collecting bottle (A) and the bladder was gently com 
pressed by pressing on the abdomen. Clamp (a) then was closed and clamp (b) 
was opened to permit inflation of the bladder by blowing through the sterile 
filter (B) Next, clamp (b) was closed and (a) was opened to exhaust all unne 



Pro 1 A Diaoramuatkj RwanaorrATioM or tub ArrjuuTtJ* U»*d to Collect 
Um Kf a hd Wash out the Bladder or Door Asettxcallt nr the Coume 
or tub RrxAL Cleaeahcia 

from the bladder into the bottle (A) Clamp (a) was replaced and the 3 way 
valve (c) was turned to permit drawing 15 cc of sterile distilled water from 
bottle (C) into the syringe. The valve (c) then was turned to permit the injec 
tion of water into tho bladder Valve (c) then was closed clamp (a) was opened, 
and the water was allowod to drain from the bladder into the urine sample. 
F ollowin g this the bladder again was washed with air All transferring of bottles 
and samples was carried out using the usual bacteriological precautions and the 
samples were refrigerated at 5 C until the assays were performed. Blood was 
drawn aseptically mto syringes containing sterile sodium citrate, appropriate 
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volume corrections bemg applied both here and for the washout dilutions of the 
unne samples 

Our procedure varied somewhat with the nature of the experiment, but in 
general it has been as follows The female dogs were given 40 cc of water/Lgm 
of body weight by stomach tube, the animals were then placed on an electrically 
warmed padded table, and lightly restrained The perineum, tail, and thighs 
were clipped and then shaved The whole of this area was washed with soap and 
water and then, with a vaginal swab of 'ST-37' hexylresorcinol antiseptic solution 
m place, the whole of the shaved area was swabbed twice with a mercurial anti- 
septic The dog then was fitted with sterile drapes and, without otherwise 
touching the animal, the vaginal swab was removed and a sterile speculum was 
inserted into the vagina The bladder was cathetenzed through the urethra, 
using a stenle lubricated catheter and guide The catheter then was connected 
with the unne collecting apparatus, and the bladder was drained, washed with 
air, and then washed twice with 15 ce of ■'ST-37'' hexylresorcinol antiseptic solu- 
tion After 2 to 3 minutes the solution was drained from the bladder, which 
was washed with 3 or 4 successive 15 cc washings of distilled water 

Immediately before injecting penicillin intravenously, the urinary bladder 
was emptied, washed with air, then 15 cc of water, followed by air This total 
sample was always saved A pour plate was made from this to check for bac- 
terial contamination and a blank penicillin assay was performed to make certain 
that the 'ST-37' hexylresorcinol antiseptic solution was completely removed from 
the bladder Close attention to these details abolished for practical purposes the 
appearance of contamination sufficient to interfere with the test 

The procedure for the determination of p ammohippunc acid was similar to 
the Bratton and Marshall (11) method for the determination of sulfonamides in 
plasma and urine W e have modified the method as it appears in the monograph 
by Goldnng and Chasis (12) to suit our particular needs 

The very fact that PAH can be so easily, rapidly, and conveniently deter- 
mined in blood and unne makes its use in conjunction with penicillin therapy far 
supenor to any other known agent that might be found suitable for this propose, 
even if another agent should be found to be equally satisfactory m all other 
respects The reagents necessary for these determinations are to be found in 
the laboratones of almost all hospitals where sulfonamide determinations are 
performed routinely Dunng all these experiments PAH was administered 
intravenously, the priming dose, rate, and concentration of the solution bemg 
determined by the nature of the experiment and the blood level desired Other 
details of the procedure will be given with the description and results of the 


experiments 

Experimental Experiments lasting two hours were performed for the pur- 
pose of orientation and to determine m unanesthetized dogs the- validity of our 
hypothesis that there might exist a competition between penicillin and PAH for 
the same renal excretory mechanism In these experiments the sodium sa t o 
p ammohippunc acid, buffered at pH 7 4, was used We customarily injected a 
priming dose of 120 mgm /kgm of PAH and followed it with a continuous in 
fusion of a 2 25 per cent solution at a rate of 3 cc /mm These conditions were 
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altered slightly to give plasma concentrations of 30 to 60 mgm./100 cc Cub 
tomarily the plasma PAH concentration was permitted to equilibrate over a 
period of 15 minutes and then 2 or 3 successive 10 minute clearance measurements 
were performed Creatinine clearances were performed on these dogs to deter 
mine the constancy of their glomerular filtration rate. 

After the introductory clearances were finished 10 000 Oxford units of pen! 
eillin were injected intravenously and alternate ten min ute clearances were 
earned out for the duration of the experiment All the urine was collected and 
the penicillin content of each specimen was determined by the modified Rammel 
kamp method From these data the periodic cumulative recovery was calcu 
lated as a percentage of the amount injected. All the unne specimens finally 
were pooled and aliquots of the pooled urine were assayed by the Florey cup 
plate method as a check on the other determinations. Control experiments 
were earned out wherein 10 000 oxford units of penicillin were injected but no 
PAH was administered One dog was given 7 grams of sodium bicarbonate with 
tho pruning dose of water to maintain alkaline unne in the PAH and correspond 
mg control experiments. 

Since the results of the 2 hour experiments served to substantiate our hypothe- 
sis and to guide our subsequent work and since they were the least complex, 
they have been presented here in some detail Data pertaining to the clearance 
tubular excretory mass (Tm) etc for PAH have been reserved for the detailed 
presentation of the pharmacology of that compound to be published separately 
thus simplifying the present report. 

Figures 2 and 3 summanre several experiments on two dogs concerning the 
renal clearance of penicillin at falling plasma levels during the maintenance of a 
constant plasma level of PAH and when no PAH was given. Although the 
results were essentially similar Bcme differences in the two figures justify the 
inclusion of both 

In both figures the upper straight line was drawn through the trend of the data 
of the normal clearances of penicillin at falling plasma concentrations No 
attempt was made by us to determine the renal tubular mass having to do with 
the excretion of penicillin. It may be noted however that the clearance of this 
material was extremely high These values of over 200 are similar to those con 
sidered normal for the measurement of minimal renal plasma flow In each 
figure the average creatinine clearance for the dog is given so that one may com 
pare the penicillin clearances with the known glomerular filtration rate for the 
animal. This served further to demonstrate that penicillin was excreted largely 
by way of the tubular epithelium. It was found in the course of the longer ex 
penmen ts that neither PAH nor penicillin influenced creati n ine clearance. 

Ideally if PAH competed with penicillin for the same tubular excretory 
mechanism, it should have been possible to suppress the clearance of the latter 
compound to that representing glomerular filtration by increasing the concen 
tmtion of PAH in plasma to the point where it exceeded the maximal tubular 
excretory mass for the compound. However other factors appeared to compli 
cate the picture, since at the higher plasma concentration of penicillin PAH sup- 
pressed its clearance to below the glomerular filtration rate, figures 2 and 3 
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Fio 2 Doo 84, Wt - 15 Ko 

The relationship of plasma concentration to the renal clearance of pemoillin, normally 
and as influenced by sodium p-aminohippurate, tho plasma concentration of which wan 45 
mgms/100 cc Actually, two to thrco soparate experiments are presented by the coordi 
nates for each curve 



Fin 3 Doo 32, Wt ■= 18 4 Ko 

The relationship of plasma concentration to the renal clearance of penicillin, normally 
and as influenced by sodium p-ammohippurate, the plasma concentration of which wo* 
mym / 100 cc Actually, two to three separate experiments are represented by tho coorrn 
nates lor each curve 
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Tha was most evident In the case of Dog 32 and may mean that some of the 
penicillin was bound by plasma proteins that there was a bock diffusion of 
penicillin, or that it was both excreted and reabsorbed by the renal tubules. 
Because of the magnitude of the in h erent error m the microbiological assay of 
penicillin really reliable figures for its binding on plasma proteins are not ob- 
tainable at present. 

It should follow from the decreased clearance of penicillin when PAH Is ad 
ministered simultaneously that the blood level subsequent to the injection of a 
single dose of penicillin should be maintained at higher levels longer than in the 
control penicillin experiments. Figure 4 illustrates a single experiment which 



Fio Doe &L The PaooBiasm ajtd Total Rxcotkbt or PnnciLLnr rnou 
Uraw* m Ujtit True Followixo tub Ixnnvxxou* Iwjectioh or 100000 
Oxtobd Uxith 

The upper four curve* repre se nt the control voire* and the lower three curve* represent 
the effect of b odium p-aminohippurate on the recovery of penleOlm from urine When 
sodium bicarbonate was administered the pH of the unne was 7.S to 8D where a* In the other 
experiment* the pH was 4J1 or above 

typifies these results. The graphical presentation of these data best illustrates 
tho rapidity with which penicillin is normally lost from the blood stream. Within 
less than 15 minutes following the administration of 10,000 units of penicillin 
intravenously to a 15 kg. dog less than 1 0 unit/cc. remains m the plasma, nor 
mally This initial decrease is probably a reflection of the very rapid dis- 
semination of the antibiotic agent into the tissue in addition to the excretion of a 
very large amount of the material Following this initial phase the plasma con 
centration decreases more slowly, but even so only a trace of penicillin rem ains 
in tho plasma 00 minutes following tho injection 

When PAH is administered continuously before and following the injection of 
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penicillin, the initial rapid fall is inhibited, but probably only to the extent that 
the excretion of the compound is decreased Curves and data such as are pre- 
sented m figure 3 demonstrate that, in keeping with the decreased clearance of 
penicillin, its plasma concentration is maintained at a much higher level over 'a 
2-hour period in the presence of PAH than in its absence However, from these 
data it is difficult to evaluate the efficacy with which PAH causes a retention of 
penicillin by the body 

Normally, 35—75 per cent of the amount of penicillin rejected may appear in 
the unne within the first 30 minutes following its administration On the other 



hand, when PAH was administered intravenously to maintain plasma concen- 
trations of about 30-40 mg /100 cc the recovery of penicillin m the unne at that 
time ranged from 12 to 18 per cent of the amount injected In figure 5 are 
presented curves representing the progressive recovery of penicillin in unne 
during the control experiments and when PAH was infused These curves 
present a striking reduction in the rate and over-all recovery of penicillin when 
PAH was infused as compared with the control experiments wherein PAH was 

omitted, _ f 

Ordinarily, the unne of dogs administered PAH is acid and may reach a pH. oi 
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4 6 Recognixmg t be effect of pH on the stability of penicillin experiments es- 
sentially similar to the above were performed wherem 7 grams of sodium bi 
carbonate were added to the usual 40 ccu/kg pruning dose of water given by 
stomach tube to a dog m order to produce a urinary pH between 7 and 8 

Curves representing the percentage recovery of penicillin from the alkaline 
urrne of this dog with and without the intravenous infusion of PAH are also pre- 
sented m figure 5 It may bo seen that alkalixation of the unne did not influence 

TABLE 2 
Do? Si 184 ±9 


An nbreriated protocol of penicillin control and PAH Infusion experiments on anon 
(inettbetiied norm id do* A «inj]o 10 000 unit do*e of penicillin vu Injected int raven 
ouslj after a 16 minute period for the stabilization of the Intravenous PAH lDfunon. 



the marked reduction In the recovery of penicillin when PAH wns infused during 
the experiments 

To suramanso the method and results of the 2-hour experiments table 2 has 
been included This table presents ab re via ted data for approximately the first 
90 minutes of two successive experiments using another dog The first expen 
ment was a penic ill i n control and the second incorporated the continuous in 
fusion of PAH. An interval of one week occurred between experiments It may 
be noted that initially the plasma concentration of penicillin was approximately 
the same in both cases but decreased much more rapidly in the control experi 
ment. The penicillin clearances in the control teat were of the order of the nor 
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mal renal plasma flow of a dog of this weight Unavoidably they vaiy more 
than the PAH clearances because of the limitations of accuracy of the penicillin 
assay, which may exaggerate errors inherent in this procedure When PAH 
was infused, the clearance of penicillin was suppressed to below the normal 
glomerular filtration rate of this dog (62 2 cc /mm ) This marked suppression 
of penicillin clearance was accomplished at a PAH plasma concentration of ap 
proximately 28 mg /100 cc It is apparent from the clearance values that the 
concentration of PAH brought to the renal tubules is in excess of their ability to 
secrete all of it for the values are much less than the maximal clearance of PAH 
or penicillin at very low plasma levels The unne flow maintained throughout 
both experiments is more than adequate 

Twelve-hour experiments were earned out wherein a given plasma level of PAH 
was established, a single priming dose of penicillin was administered intraven- 
ously, and the plasma PAH level was maintained for the duration of the expen 
ment Control 12 hour experiments also were performed during which a single 
injection of penicillin was made but no PAH was administered In detail these 
experiments were much like the earlier ones except that it was advantageous to 
administer a barbiturate to maintain the dogs m an hypnotic state The pur- 
poses of this work were to ascertain how long a determinable concentration of 
penicillin was maintained m plasma and unne and to estimate the recovery of 
penicillin in unne normally and in the presence of PAH These experiments 
also served for onentation purposes for subsequent work 

We have used the two-hour experiments to substantiate our hypothesis 
Since these results merely confirmed and extended the initial findings of the 
two-hour experiments they have been summamed in table 3 By doing this, 
interesting, but voluminous, data have been omitted All the experiments are 
presented in the table 

It may be concluded from the data presented m table 3 that the salient point 
in our hypothesis and the results of the two hour experiments on unanesthetized 
dogs were substantiated by these longer experiments Certain individual values 
that were at variance with the trend of the data in the experiments do not 
influence the significance of the over-all results, since there were so many cross 
checks in these data These experiments may be summarized as demonstrating 
the following points 

1 There was invariably a slower rate of fall in the penicillin plasma level after 
the single 10,000 unit intravenous injections when PAH was infused during the 
course of the experiment This may be judged by comparing the five-nunuto 
and two hour penicillin plasma levels m the experiments on a single dog 

2 The time at which the penicillin level in the plasma fell below determinable 
concentrations was prolonged from 2 to 2* hours for the controls (except in one 
instance) to from 3} to 4 hours in the PAH experiments This finding should 
have been obtained if the first conclusion were true 

3 There was a prolongation of the duration of time wherein penicillin was 
recoverable in the unne from 6} to 8 hours for the controls to from 9} to over 
12i hours for the PAH experiments 
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4 Since the rate of fall of the penicillin plasma level was decreased and its 
time of disappearance from plasma and unne was increased, it was consistent 
that we should find the amount of penicillin recovered In the urine especially 
dunng the early hours of the experiments, to be very stnlungly less m the PAH 
tests os compared to the controls 

6 The data presented in table 3 for the renal clearance of penicillin in the two 
types of experiments clearly showed that PAH suppressed the clearance of pem 
cfllrn and that this suppression was more or less proportional to the decreased 
PAH clearance os the plasma concentration of the latter compound was increased 


TABLE 3 

A condonation of tht data obtain#! on the thrci doft vttd in tXe cxptnmsnis of It hour duration 
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01 
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ln(***d 
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11 
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03 

latxini 

Coatrol 

•ter 

Isjutd 

TAB 

UNmd 

Lv 

Penicillin plum a level 5 mini 
after Injection tmite/cc 

2 02 

2 Cl 

s oe 

0 00 

2 00 

2 40 

0 01 

1 70 

Penicillin plaema level 2 hr* 
after Injection unlta/ec 

0 02, 

0 1C 

0 18 

0 oc 

0 00 

0 10 

0 05 

0 S3 

Penicillin abaent from plaama 
at hr* mini 

2 SO 

8 30 

3 30 

S S3 

2 00 

8 31 

2 31 

8 50 

Penicillin abaent from urine at 
hn mlna 

0 35 

>12 Si 

0 M 

11 10: 

7 01 

9*25 

8 05 

11.30 

Penicillin ar clearance daring 
maintenance of plaama level 
co /min 

207 0 

61 7 ! 

212 8 

00 8 

181 3 

130 4 

170 0 

71 fl 

Penicillin percentage recovery 
In unne daring let boar of 
experiment 

84 6 

19 7 

77 0 

17 C 

79 2 

48 8 

35 1 

22 3 

Urine flow &v eo /min 

2 8 

2 5 

2 2 

S 3 

2 2 

2 7 

0 8 

1 51 

PAH av plaama level mg./ 
100 ec 

PAH av clearance oc./mln 


48 1 
74 7 


41 5 
114 0 


20 C 
166 8 


40 7 
09 0 


This interference by PAH with the tubular excretion of penicillin was the basis 
for the interpretation of the findings hated from 1 to 4 

A number of other correlations can be mado between the various data if one 
studies the table carefully To enumerate them would only burden the evidence 
for oar conclusions. 

Discussion This research was begun at a time when the supply of penicillin 
was critically low with an idea of increasing with the aid of PAH the amount of 
penicillin available for treatment by increasing the physiological economy of the 
agent and thus decreasing the amount needed to treat a given case. For this 
reason the experiments were designed to determine whether PAH reduced tho 
excretion of penicillin as judged by the prolonged maintenance of high plasma 
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concentrations, prolongation of the period over which the drag was excreted, 
reduction in the rate of excretion, and the marked decrease in the amount 
recovered in urrne in a given period of tune 
From a physiological standpoint, the observation that the renal clearance of 
penicillin is normally of a magnitude which suggests that it probably is an index 
of renal plasma flow even at what may be considered greater than usual thera- 
peutic levels is a point of considerable interest That penicillin is excreted by 
the renal tubular epithelium in addition to glomerular filtration seems certain, 
since its clearance can be suppressed even to or below glomerular filtration rate 
by the administration of PAH, which is used to measure both minima l renal 
plasma flow and tubular excretory mass (12) 

It should be pointed out that in this case we have probably established thera- 
peutic as well as physiological economy of penicillin, for the assay depends on the 
measurement of the bacteriostatic activity of penicillin-containing plasma 
removed from the animals Other evaluations of this pomt will be made clini- 
cally 

The pharmacology of p-ammohippunc acid has been omitted in order to sim- 
plify and shorten this presentation. Detailed experimentation will be reported 
in another article showing that sodium p-anunohippurate has a very low order of 
toxicity (less than that of sodium hippurate), either acutely or following pro- 
longed administration, and that it is most suitably administered intravenously 
in order to maintain high plasma concentrations 

summary 

It has been found that the continuous infusion of sodium p-ammohippurate 
facilitates a physiological economy by the body of single intravenous injection s 
of penicillin When compared with similar experiments, wherem penicillin but 
no p-ammohippunc acid was injected, the effectiveness of the latter agent may 
be judged by 1) the prolonged maintenance of a determinable plasma concentra- 
tion of penicillin, 2) a marked prolongation of the period of time over which 
penicillin was excreted, 3) a definite descrease m the rate of excretion of penicillin, 
and 4) a marked decrease in the amount of penicillin recovered in the urine in a 
given period of time 

It was concluded that the manner in which this effect has been produced wns 
by a competition between p-ammohippunc acid and penicillin for excretion by 
the renal tubular epithelium This appeared to be the case, since the renal 
clearance of penicillin, which normally approximates the renal plasma flow of 
dogs, can be depressed to or below that measuring glomerular filtration rate by 
the simultaneous administration of sodium p ammohippurate intravenously to 
maintain a plasma concentration that causes its own clearance to be less than 

maximal , 
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Ni-dimethylacroyl sulphamlamide (Irgamid) is fairly closely related to 
sulphacetamide in structure and shares with it the advantage that the solution 
of its sodium salt is considerably less alkaline (pH 8 4) than that of the other 
sulphonamides Experiments with rabbits suggested that Irgamid is easily 
absorbed and the concentrations obtained m the blood are considerably higher 
than those reached after similar doses of sulphapyndme, (H6gger, 1941) Swiss 
workers (Markoff, 1941 and 1942, Scherer, 1942) have reported favourably on 
effect of irgamid m various types of infections and it was thought worth while to 
introduce a small supply of the drug for trial in this country It is unlikely, 
however, that irgamid will be freely available during the war Indeed m its 
country of origin it seems to be being displaced by Ni-(3 4-dimethylbenzoyl)- 
sulphamlamide (Irgafen) The present investigation must therefore be regarded 
as chiefly of academic interest It was undertaken to determine the blood 
concentrations produced and tolerated in human subjects after administration 
of the drug by various routes, rather than ns a study of the therapeutic effects 
Methods The method used to determine irgamid was essentially that of 
Bratton and Marshall (1939) Preliminary estimations of irgamid added to 
blood showed that an initial ddution of 1 m 20 gave complete recovery up to 
concentrations of 4 mg per cent At higher concentrations a 1 40 ddution was 
necessary for complete reco\ ery and even this was not adequate for concentra- 
tions greater than 16 mg per cent We hav e used a 1 40 dilution throughout, 
applying a correction for apparent concentrations greater than 16 mg per cent 
Pulver (1911) has made similar observations on irgamid recovery and suggests 
that an easily hydrolysed haemoglobin -irgamid complex is present m blood. We 
have added 0 5 cc blood to 17 6 cc water, allowed the mixture to stand for 5 mm 
and then added 2 cc 20 per cent trichloracetic acid The mixture was centri- 
fuged rather than filtered, since filtration gave irregular values — probably due 
to absorption on the filter paper Duplicate 5 cc samples of supernatant fluid 
were pipetted off for analysis 

There was no difficulty m estimating irgamid added to urine 
Administration To study the rate of elimination, six patients with no gross 
organic disease were given a single intravenous dose of sodium irgamid (2 or 3 g ) , 
two patients were given a single intramuscular dose of 3 g Blood samples were 
collected at frequent intervals over a 48 hour period, and in most cases unne w as 
also collected and analysed 

To compare the concentrations in the blood and the spinal fluid, five patients 
were given 2 g sodium irgamid intravenously, together with 1 5 g by mouth, i e. 

324 
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the primmg dose for severe infections Four hours later specimens of blood end 
cerebrospinal fluid were obtained for analysis 
Eleven patients with various types of infection were given repeated doses of 
lrgamid according to the schedule recommended by the Medical Research Council 
(1943) Five of these patients had the course for mild infections, 1 o an initial 
dose of 2 g by mouth followed by 1 g 4-hour ly for 48 hours 1 g 6-hourly for a 
further 48 hours and finally, 0.5 g 6-hourly for 48 hours The larger doees for 
severe infections were given to 6 patients the full course being 2 g intravenously 
together with 1.5 g by mouth followed by 1 6 g 4-bouriy for 2-3 days 1 g 
4-houriy for 2-3 dayB and finally 1 g fi-hourly for another 2 days Two children 
were treated with irgsmid for a relapse of influenxal meningitis and two others 
for bronchopneumonia. One patient was given repeated intramuscular 
injections 



Fia 1 Blood Coxcnmunoir ajtd Ukiwaht Eicmtios or Total jjtd Fete Iroaicd 
A rm a 8u»ole I-ttravewou* Ixjectio* or 1 0 or tut Bodittm Salt 

It was thought unnecessary to dilute the drug for intravenous or intramuscular 
administration. 10 to 16 cc of a 20 per cent solution were injected intravenously 
over 3 minutes without ill effect. The intramuscular Injections were given into 
the outer side of the thigh- Each was accompanied by considerable pain which 
persisted for 16 to 20 minutes It seems likely that this discomfort was partly 
due to the bulk of fluid injected. There was no apparent local reaction, but in 
a patient with tuberculous meningitis who had two intramuscular injections, 
some evidence of tissue damage was found at autopsy 

Results. A typical curve obtained by estimation of total and free irgamld m 
blood after a single intravenous dose of 3 g. is shown in figure 1 The proportion 
of acetyiated form increases with time and although acetylation proceeds to 
various extents in different individuals, it was found m general that the acetyl 
compound re pr es en ted 20 per cent of total after 3 hours and 60 per cent after 24 
hours. In fact the actual amount of the acetyl compound present seemed to be 
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practically constant after the first 3 hours Comparing these results with those 
of Strauss, Lowell, Taylor and Finland (1941), it appears that irgamid is less 
readily acetylated than sulphapyndine and sulphamlamide, but rather more 
readily than sulphathiazole It was also found that when given intravenously 
irgamid is relatively rapidly excreted, 80 per cent of the total urinary excretion 
occurring m the first 24 hours as compared with 70 per cent in the case of sulpha- 
mlamide and sulphapyndine and 90 per cent with sulphathiazole The amount 
of acetyl form present m the urine vaned, and showed a general tendency to 
increase, reaching a maximum of 80 per cent of total during the second 24 hour 
penod after injeotion 

After a single intramuscular injection of 3 g in two patients, maximum blood 
concentrations of 11 and 12 mg per 100 cc were reached at the end of an hour, 
and the level had fallen by half after 12 hours By giving repeated mtra- 



Fio 2 Blood Concentration or Total and Free Irgamid during Administration of 
A Course for Severe Infections B Course tor Mild Infections 

muscular doses of 1 g 12 hourly it was possible to maintain a fairly constant blood 
level of 6 to 8 mg per 100 cc 

In the senes of specimens obtained 4 hours after administration of an intra- 
venous plus an oral dose of irgamid, the concentration in the cerebrospinal fluid 
averaged 60 per cent of that m the blood Daily lumbar puncture on one patient 
receiving repeated doses by mouth showed that the concentration m the cerebro- 
spinal fluid gradually increased, and for a short tune after discontinuing the drug 
it remained at a considerably higher level than the blood concentration Irgamid 
was determined m a specimen of ascitic fluid from a patient with subacute 
hepatitis and the concentration found to be about 75 per cent of that in the blood 
The drug seems to be about equally distributed between cells and plasma— 
the concentration in the red cells tending to be slightly higher than that in the 

Blood concentration curves obtained during repeated large and small doses are 
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shown In figure 2 The maximum concentrations attained showed considerable 
variation (see table 2) but were consistently higher than those reported by other 
workers after similar doses of sulpha pyridine. In one patient (No 11) gr\ en a 
course of 15.5 g. by mouth during 1} days urine was collected for analysis It 
was found that 8 per cent of the total urinary excretion occurred in the first 24 
hours 50 per cent in the second 24 hours (during which period the maximum 
blood concentration was attained), and 22 per cent during the third 24 hours. 
The proportion of ncetylated form remained almost constant throughout at about 
40 per cent of total 

Clinical observations The majority of the patients to whom irgamid was given 
were unsuitable for any real therapeutic tnaL A number of them were surgical 
casoe m whom improvement might equally well be attributed to the operation. 

TABLE 1 
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Others had infections which are known to be resistant to sulphonamide therapy 
Sensitivity of the organism was tested in vitro in five cases (table 3) Three of 
those infections appeared to be unproved by a course of irgamid but no definite 
conclusion as to the therapeutic value was reached The two children with 
relapse of Infiuental meningitis recovered completely Those with broncho- 
pneumonia recovered but showed a slower response than is usual with sulpha 
pyridine. Unpublished results by other workers suggest that the therapeutic 
efficiency is not high 

Toxicity The toxicity of the drug appears to be slight and practically no HI 
effects were noted even on administration of full courses totalling 30 to 50 g. 
Those patients receiving irgamid parentcrally or having only a single oral doee 
showed no toxic reactions. Only two patients had any subjective symptoms in 
relation to the administration of the drug They both felt rotten” and were 
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TABLE 2 

Blood concentration reached in patients receiving court et of irgamid 
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TABLE 3 

Senntmtv of organwn to \rgamtd in tnlro 
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3 

Not inhibited by 2 0 X 1CT 4 


4 

Not inhibited by 2 0 X 10 -4 


relieved when the tablets were stopped. They had slight nausea and one of them 
vomited twice during the course of 26 g Both developed very slight cyanosis 
The white cell counts were determined on all the patients at intervals througn 
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out treatment. In the majority of cases there was no significant change m the 
value 'ITiroc patients showed a alight rise in only one case was the course 
interrupted on account of possible toxic effect After 16 5 g the white blood 
cells had fallen from 4,000 on tho first day to 3,200 Two days after stopping 
the course tho value was 6 000 This is suggestive of a leucopenic effect but the 
evidence is inconclusive as a blood count was unfortunately omitted before start 
Ing the course. In no case were unnary complications encountered. 

Six of the patients had previously boon given courses of other sulphonamidee. 
Two had developed a sulphon amide rash and two had marked nausea and vomit- 
ing They all tolerated irgnmid welL 

BmiUAKT 

1 The concentration of Nt-dimcthylacroyl sulphanil amide (irgamid) m the 
blood and cerebro-epinal fluid and the excretion in the urine have been studied 
after various methods of administration 

2 High blood concentrations can bo easily reached and maintained and with 
smaller doses than are required with lulphapyndm© or sulphnnilamide, 

3 The toxic effects in the cases studied were practically negligible — this may 
bo correlated with the relatively small degree of acetylation. The drag is readily 
absorbed and well tolerated by tho intramuscular route. 

4 There is reason to believe however that the therapeutic efficiency is not 
high. 

This paper is based on a communication to the Therapeutic Trials Commit toe 
of the Medical Research Council We wish to thank Professor L. J Witts for his 
help and advice, the physicians and surgeons of the Radcliffe Infirmary for 
permission to treat patients under their care, and Dr R. L Vollum for testing 
the sensitivity of the infecting organisms. 
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A marked intensification of the effects of epmepbnne on the heart muscle 
through the thyroid hormone is a well known phenomenon Both in intact 
animals (Steppuhn, Naumova and Ugarova (1), Wise and Hoff (2), Aumann 
and A oumans (3)) , in animals with the heart denervated (Sawyer and Brown 
(4)) and in the isolated heart (Sadae (5), Ltitolf (6)) the pharmacodynamic sc 
tion of epinephrine was found to be considerably increased after pretreatment 
with crude thyroid extracts or thyroxine Also the production of cardiac 
hypertrophy and myocardial damage by epinephrine was found to be intensi- 
fied through thyroid extract (Gross and Greenberg (7)) The functional pe- 
culiarities of the thyrotoxic heart (tachycardia, increased stroke volume, anomo 
electrocardiogram, tendency toward auricular fibrillation and toward anginal 
symptoms, degenerative changes) are, accordingly, interpreted by some investi- 
gators (Wise and Hoff (2), Raab (8a), etc ) as being essentially due to an ab- 
normal sensitivity to epinephrine and to sympathin, the latter of which is formed 
m the heart itself 

On the other hand, thyroidectomy was found to markedly dimmish the sen- 
sitivity of the heart to epinephrine m animals (Schermann (9) , Sawyer and Brown 
(4), Shambough and Cutler (10)) and man (Eppmger and Levme (11)) The 
beneficial effects of thyroidectomy on the heart, not only m hyperthyroidism but 
also in angina pectons and certain types of cardiac failure (Lev and Hamburger 
(12), Blumgart, Levine and Berlin (13), Claiborne and Hurxtbal (14), Clark, 
Means and Sprague (15), Scherf (16), Singer (17), etc ) are, accordingly, at- 
tributed by some investigators (Eppmger and Levine (11), Shambough and 
Cutler (10), Raab (8a)) to a protection of the heart against the cardiotoxic 
effects of epinephrine and sympathin The divergent opinion of Riseman and 
associates (18) regarding angina pectons is based on entena unrelated to angina 
pectons (blood pressure, pulse rate) 

The fundamental importance of the mtnnsic cardiotoxic effects of epmephnne 
and related substances for the pathogenesis of heart disease (angina pectons, 
sudden cardiac death, cardiac failure m “hypertensive heart disease” and 
uremia) has been emphasized in recent years by the detection of excessive 
amounts of epmephnne and related catechol compounds in the heart muscle 
and, temporarily or permanently m the blood, of cardiac patients of the above 
named types (Raab (8a, b, c, d, e)) 

Recognition of this basic factor in cardiac pathology makes it appear desirable 
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to search for means of protecting the heart against excessive discharges and against 
the effects of epinephrine and sympathm. X-ray treatment of the hyperactive 
adrenal glands m angina pectoris (Raab and Soule (8b) Hutton (19) Hadom 
(20) Schittenhelm (21) lip pros (22)) and thyroidectomy as mentioned above 
have already proven successful in this respect. Since the fall of 1943 thiouracil 
has been administered to angina patients by the author with striking results in 
most of them (to be published separately) 

The following experiments were carried out for the purpose of obtaining 
further information regarding the quantitative epinephrine tolerance of the heart 
(lethal myocardial concentration) and its possible alterations through thyroxine 
and thiouracil 

Method White male rats (except for 9 gray rata table 1) were used through 
out. Epinephrine (Adrenaline Parke Davis & Co 1 1000) was injected under 
the skin of the hind legs (doses of 2.5 7/gm m one deposit, larger doses in two 
equal deposits on both legs) Thyroxine (crystalline, Squibb, in alkaline solu 
tion) was Injected subcutaneously in doses of 1 mgm each on three successive 
days, followed by injection of epinephrine on the fourth day Thiouracil 1 was 
administered in the drinking water (0 1%) for an average of 61 days, ranging 
from 20 to 05 days. All animals which did not die spontaneously were killed by 
crushing the cervical spine and all hearts were analyzed Immediately after 
death 

The concentration of epinephrine m the heart muscle was determined with the 
adrenaline ' method of Shaw as modified by the author (Raab (8a)) The 
total colonmetric reading* of this method inolude beside epinephrine and 
sympathln (Cannon and Lias&k (23)) other related catechol compounds such as 
adrenalone dihydroxyphenylalamne, leukoadrenochrome, oplnlne etc. The 
total readings are represented by the term AC (adsorbable chromogons 1 ) 
Previous investigations have shown that the adrenal medulla as well as other 
tissues and blood contain epinephrine-like catechol compounds beside epinephrine 
proper They are responsible for the low denominator of the specific ratio 
( djLr see Raab (8f)) aa found In blood and most tissues including the ad 
renal medulla. Ascorbic acid also lowers the cLa.r but its color intensity fa too 
weak to seriously upset the results. In numerous experimental and clinical 
observations the method was found to yield results well In agreement with exist- 
ing knowledge and conceptions regarding adrenoeympathetic function and 
pathology (Raab (8f)) 

Epmephnno as well as related sympathomimetio catechol compounds if in 
jected are eagerly taken up by the heart muscle and can readily be detected there 
in concentrations proportionate to the injected doses (Raab (8e)) 

Results Effect of epinephrine alone Thirty-six normal adult rats were 
given subcutaneous injections of epinephrine in mounting doses (table 1) 

1 Putreriied thiouracil was kindly •applied by Ledorlo Laboratories 
* Not adreno-cortleal compound* u in »omo earlier publication* (e.g. Raab (8g)) 
when the result* were erroneomly interpreted as Including cortical «tcro!ds This error 
was corrected la another paper {Raab (&0) 
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Spontaneous death with the manifestations of acute heart failure (dyspnea, pul- 
monary edema, marked dilatation of the heart) ensued m the following dis- 
tribution 


Desalt 

7/1" 

ilcrlalUy 

% 

lUntUu bttvxcn injettfan 
and death {at ) 

2 5 

13 

12 

5 0 

73 

7} 

7 5 

83 

6 


TABLE 1 



Determination of epinephrine tolerance of the hearts of normal rats 


BUXVTVXD (PULED 20 UmUTES ATTCX B.C. 
mjzcnox or zrwzraintT) 


BPOHTAKZOUS DEATHS A ITT* IHJECTIOM 07 ETINTTHTITTE 




AC (color 




Minutes 

AC* (col. 


Date 

Dose 

cm of 
heart 
muscle) 

d J r t 

D*te 

Dose 

of 

survival 

of heart 
muscle) 

d.s.r f 


v/gm. 




7/r" 




7/25/39 

2 6 

650 

0 80 

8/ 2/39 

2 6 

12 

1 968 

l n 

7/25/39 

2 6 

1,439 

2 53 

7/15/39 

2 5 

12 

1,928 

1 05 

7/29/39 

2 6 

1,668 

1 73 






7/31/39 

2 6 

784 

2 50 

8/ 8/39 

5 0 

7 

4,773* 

1 18 

8/ 1/39 

2 6 

1,059 

1 11 

8/ 9/39 

6 0 

9 

2,054* 

0 90 

8/ 3/39 

2 5 

1,172 

1 62 

8/ 0/39 

5 0 

10 

3,380* 

1 10 

8/ 5/39 

2 5 

920 

3 07 

8/10/39 

6 0 

5 

3,374* 

1 06 

8/ 6/39 

2 5 

1,467 

1 37 

8/10/39 

6 0 

6 

! 1,932* 

1 32 

7/10/39 

2 6 

l,242t 

1 18 

8/16/44 

5 0 

12 

2,018 

1 06 

7/16/39 

2 6 

1,694* 

1 65 

8/15/44 

5 0 

7 

2,243 

1 11 

8/7 /44 

2 6 

1,379 

1 36 

8/18/44 

5 0 

5 

2,270 

1 02 

8/11/44 

2 6 

1,161 

1 14 

8/22/44 

6 0 

8 

3,909 

1 00 

8/11/44 

2 5 

1,057 

1 18 

8/23/44 

5 0 

10 

2,688 

1 12 



8/23/44 

5 0 

0 

1,017 

1 11 

8/ 7/39 

6 0 

1,636* 

1 66 




4,260 

1 13 

8/ 8/39 

6 0 

1,619* 

1 48 

6/20/44 

7 5 

0 

8/14/44 

6 0 

1,467 

1 29 

5/22/44 

7 5 

6 

2,598 

1 20 

8/14/44 

6 0 

1,452 

1 12 

6/22/44 

5/23/44 

7 6 

7 5 

6 

4 

6, Kit 
6,264 

1 20 

1 29 

6/20/44 

7 5 

1,868 

1 16 

5/23/44 

7 5 

6 

5,077 

1 33 

’ Average 

3 3 

1,40S 

1 54 


3 3 

7 

3,276 

1 17 


* The term “AC” Btands for adsorbable cbromogenfl (see text P 331) 
fThe term “d b r ” Btanda for denominator of specific ratio (aeo text p tel) 


* Gray rata 


Thus, the incidence and rapidity of fatal epinephrine intoxication increased 

id not d» »ponlanei»!ly -ta 20 nnnute, 
this tune None of the “surviving” animals showed an AC concentration 
higher than foOO color unite per gram of myocardial tissue On the othertod, 
all animals which had died spontaneously from epinephrine injection showed 
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myocardial AC concentrations higher than 1900 color unit* per gm with an aver 
age of 3276 col un./gm The average cLs,r of the 'surviving” animals was 
higher than that of the spontaneous deaths (1 64 against 1 17) 

The total average of the myocardial AC of all cpmephnn e-in] ec ted rats of 
table 1 (2341 col.un./gm ) was 124% higher than the average of 49 untreated 
controls in this and earlier series. The average d.s.r too was higher than the 
total control average of 1 00 

While these results suggest that a myocardial AO concentration higher than 
1900 col un /gm is not tolerated by the heart and consequently fatal the Big 
nificance of the time factor is not sufficiently clarified by this group of expen 
menta. Therefore, 13 more rats were lolled earlier after the injection of epmeph 
nne They are included in tables 8 and 6 The average doee of cpmephnn o 


TABLE 2 

Effect of thyroxin (3 wig within S daft) on On myocardial AC concentration 


CUT* 

contou 

Tmaxs-TVIATED *AT1 

WLtrfWrt 

(% dpr 

AC (eoL u. 

b**rt rode) 


Wt. ot 

C* W b*iy 
•wt.) 

AC (coin. 

<Lur 

8/ 4/44 

0 31 

065 

0 05 

0 32 

1 689 

mm 

8/ 4/44 

0 30 

1 4SS 

1 22 

0 33 

1 001 

Is 

8/ 0/44 

0 27 

844 

0 03 

0 36 

1 126 

in 

8/ S/44 

0 32 

846 

0 81 



Bps 

8/ 7/44 

0 32 

1 570 

1 10 

0 36 

1 514 

WEL& 

8/ 7/44 

0 30 

1 122 

1 11 

0 36 

1 167 

BSK 

8/ 8/44 

0 32 

1 157 


0 37 

1 321 

mm 

8/ 8/44 

0 26 

763 

1 00 

0 31 

702 

mm 

8/11/44 

0 20 

1 704 

1 18 

0 32 

1 170 

sttm 

8/11/44 

0 26 

1 062 

1 37 

0 37 

033 

1 n 

Aycre^e 

0 30 

1 153 

I 07 

0 34 

1 106 

1 15 

Difference 

+4% 



administered to these a n i mals (3 0 7/gm ) and the average time elapsed between 
injection and killing (7 minutes) were about the same as in those unpretreatod 
animals which had died spontaneously from epinephrine (table 1) Ten out of 
these early killed thirteen animals showed myocardial AC concentrations below 
1900 col un./gm and in only three the AC concentration was slightly higher 
(2073 2319 2403) The average <Lar of these 13 rats was 1 18 

From these findings the conclusion can be drawn that in the normal rat a 
myocardial AC concentration of more than 1000 coLum/gm. existing for several 
minutes will inevitably result in death from ocuto heart failure. 

Effect of thyroxine alone Ten plain controls end nme thyroxin treated rats 
were killed m pairs and analyzed on the same days with the same reagents 
(tablo 2) Apart from a slight loss of weight (average 8%) through thyroxine, 
and the emtomary thyroxine-induced hypertrophy of the heart no significant 
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differences were found (Similar results had been obtained before with controls 
and experimental animals examined several weeks apart (Raab (8g)) In this 
older senes, however, the d s r of the thyroxine animals was much higher than 
in the controls and the heart hypertrophy was much more marked ) 

Effect of epinephrine tn thyroxine-treated rait A dose of 2 5 y/gm of epmeph- 
nne was injected into ten control rats and into ten thyroxin-treated animals 
in quadruple experiments (including also plam controls and thyroxine-treated 
animals without epinephrine , tables 2 and 3) Seventy per-cent of the thyroxine- 
treated rats died within 3 to 5 minutes following epinephrine injection, while 


TABLE 3 

Effect of thyroxin (3 mg unthin 3 days) on the eptncpkrtne tolerance of the heart (s.c injection 

of £ B y/gm of epinephrine 


Difference 


+31% (over controls, 
table 2) 


DAtt 

coimoLs 

IHT*CDCIW-T*EATED HATS 

Wt of 
heart 
(%of 

ttL) 

AC (col. 
un per 
gm of 
heart 
muscle) 

djj 

Mode 

of 

death 

Minute* 

after 

bjf 

Wt. of 
heartt 

K 

wL) 

AC (col 
un per 
cm. of 
heart 
muscle) 

djkr 

Mode 

of 

death 

Minutes 

after 

inj 

8/ 4/44 

0 33 

1,142 

1 57 

killed 

4} 

0 39 

3,472 

1 12 

died 

4} 

8/ 4/44 


2,319* 

1 11 

killed 

4 


2,826 

1 30 

died 

4 

8/ 6/44 


1,517 

1 33 

killed 

3 

0 38 

1,7291 

1 55 

died 

3 

8/ 5/44 

0 31 

1,763 

1 15 

killed 

4i 

0 38 

l,844t 

1 28 

died 

4} 

8/ 7/44 

0 31 

2,430* 

1 08 

killed 

6 


1,85 8t 

1 19 

died 

5 

8/ 7/44 

0 33 

1,379 

1 36 

killed 

20 

0 32 

1,135 

1 54 

killed 

20 

8/ 8/44 

0 36 

1,204 


killed 

4J 

0 42 

l,804t 

1 21 

died 

4} 

8/ 8/44 


1,098 

1 15 

killed 

3 

0 40 

933t 

1 32 

died 

3 

8/11/44 

0 25 

1,161 

1 14 

killed 

20 

0 39 


1 11 

killed 

20 

8/11/44 

0 31 

1,057 

1 18 

killed 

20 

0 38 



killed 

20 

Average 

0 31 



■ 

9 

0 38 

1,765 

1 29 


0 


+36% (over thyroxin 
treated rate, table 2) 


* No spontaneous death despite AC above the critical level of 1900 col un /gm 
t Spontaneous death despite AC below the critical level of 1900 col un /gm 
t Calculated referring to body weight before administration of thyroxine 


none of the epmephnne-mjected controls died spontaneously within the same 
time interval and, m contrast to the thyroxine-treated rats, none of these con- 
trols, except one, showed the signs of approaching death (gasping, convulsions, 
pulmonary edema) before being killed 

Only two of the seven thyroxine-treated rats which died spontaneously follow- 
ing epmephrme-mjection showed a normally lethal myocardial AC concentra- 
tion, the other five of these seven animals had a myocardial AC concentration 
of less than 1900 col un/g m (the lowest being 933 col un /gm ) The average 
d.s r was about the same in the epinephrine injected untreated and tbyroxine- 

tTeated rats. 
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These results permit the conclusion that the thyroxine-treated animals sue 
cumb rapidly to myocardial epinephrine accumulations smaller than those which 
are lethal in normal rats 

From an earlier series of experiments without adequate timing of the controls 
(Raab (8g)) m which six tbyroxine-p retreated animals had succumbed to 2.5 
7/gm of epmephrme within 3 to 6 minutes, the impression had been gathered 
that thyroxine enhances the accumulation of epinephrine m the myocardium. 
However this seems to be true, if at all only to a slight degree (see table 3), 
probably attributable to the faster blood circulation and speedier absorption of 
the injected epinephrine in the thyroxine-treated rats. 

Effect of ihxcnxmdl alone No significant differences were found between nine 
untreated plain controls and ten thiouracil treated rats, examined in pairs, 


TABLE 4 

Effect of lA to uracil (0.1% in drinking irater for an aferag* of il dayt) on tk* myocardial AC 
concentration 



comou 

TOOTIAm-TlKATXS IAT1 

fflodiut 

AC (cot ■*. 




i.l * r 



^ bodr * 1 -) 

p*t r*. knit) 


{% cd body *L) 

p*r gm. tart) 

5/20/44 

0 20 

1 116 

0 00 


1 803 

1 17 

5/20/44 

0 28 

1 655 

1 10 


1 562 

1 27 

6/22/44 

0 27 

911 

1 M 

0 25 

1 660 

1 41 

6/22/44 

0 SO 

828 

1 10 

0 27 

1 056 

1 14 

5/23/44 

0 20 

893 

0 96 

0 29 

1 381 

1 66 

6/23/44 




0 81 


1 43 

8/14/44 

0 27 

1 448 

1 05 

0 23 

1 025 

1 51 

8/14/44 

0 28 

1 266 

1 19 

0 34 

m 

1 20 

8/15/44 

0 SO 


1 12 

0 28 

1 176 

1 27 

8/15/44 

0 29 


110 

0 SO 

1 077 

1 OS 

Art race 

0 28 

1 237 

1 07 

0 28 

1 KB 

1 32 

Difference 

+ 7 % 



(table 4) regarding relative heart w ei g h t and myocardial AC concentration, but 
the average d at was somewhat higher in the thiouracil animals. 

Growth of the thiouracil animals was greatly retarded Their increase in 
weight during the total observation period was only 53% against 107% in the 
controls. 

Effect of epinephrine tn OnoumcHAreatcd rats. A dose of 5.0 7/gm of epine- 
phrine was injected into fourteen control rats and into fourteen thiouracil 
treated animals in paired experiments (tablo 5) Forty three per cent of the 
normal controls succumbed to this relatively largo dose within 6 to 12 minutes 
all of these os usual with a myocardial AC concentration above the critical 
level of 1900 cobun. /gm. Only one survived up to 10 minutes with a slightly 
higher AC concentration (2073 cobun /gm.) 
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On the other hand, only seven per cent of the thiouracfl-treated anim als suc- 
cumbed to the same dose of epinephrine, although seven animals (50%) showed 
myocardial AC concentrations which would normally have been lethal (up to 
3111 col un /gm ), when they were killed after analogous tune intervals following 
the injection of epinephrine 

The average myocardial AC was about the same m the epinephrine-injected 
controls and thiouracil-treated rats but the d s r was somewhat hitcher m the 
latter 


TABLE 5 


Effect of thxouracil (at tn table 4) on the epinephrine tolerance of the heart (« c injection of 

6 0 y/gm of epinephrine ) 



COXTXOLS 

THlOUaAQX- HEATED XATI 

DATE 

Wt of 
heart 

S' 

AC (col. 
un per 
rm of 
heart 
muscle) 

tLi.r 

Mode of 
death 

Minutes 
after InJ 

Wl of 
heart 

gel 

wt) 

AC (col 
un- per 
am. of 
neart 
muscle) 

d.t.r 

Mode of 
death 

Minutes 
after InJ 

8/14/44 

0 31 

1,467 

1 29 

killed 

20 

0 27 

1,612 

1 60 

killed 

20 

8/14/44 

0 30 

1,462 

1 12 

killed 

20 

0 35 

2,857 

1 01 

diod 

6 

8/16/44 

0 34 

2,018 

1 06 

died 

12 

0 26 

[fjESi 

2 14 

killed 

12 

8/16/44 

0 31 

2,243 

1 11 

died 

mm 

lia-M 

2.241 f 

1 92 

killed 

20 

8/18/44 

0 31 

2,270 

1 02 

died 

B9 

0 32 

■Witi'J 

I 79 

killed 

10 

8/18/44 

0 28 

1,014 

1 41 

killed 


0 31 

2,327f 

1 13 

killed 

6 

8/18/44 

0 29 

1,182 

1 11 

killed 

19 

0 30 

1,362 

1 31 

killed 

10 

8/18/44 

0 30 

627 

0 95 

killed 

19 

0 29 


1 29 

killed 

10 

8/22/44 

0 33 

3,909 

1 00 

died 

8 

4H!« 

2,298t 

1 09 

killed 

10 

8/22/44 

0 28 

1,849 

1 06 

killed 


0 29 

2,177t 

0 81 

killed 

10 

8/22/44 

0 28 

2,073* 

1 09 

killed 


0 34 

EtErili 


killed 

10 

8/22/44 

0 28 

1,683 


killed 


•T'F.HMl 

3, lilt 

1 67 

killed 

10 

8/23/44 

0 34 

2,688 

1 12 

died 


0 29 


1 18 

killed 

7 

8/23/44 

0 40 

1,917 

1 11 

died 

6 

0 30 


1 01 

killed 

8 

Average 

0 31 




10 6 



1 39 


10 6 

Difference 

+62% (over controls, 
table 4) 


+64% (over thiouracd 
treated rat*, tablo4) 


* No spontaneous death despite AC above critical level of 1900 col un/gm 
t The same 


From these results the conclusion can be drawn that pretreatment with thioura- 
cil increases the tolerance of the heart muscle to otherwise lethal doses of epineph- 
rine without interfering with its accumulation in the heart 

Discussion The above descnbed experiments revealed the following facts 

(1) Subcutaneous injection of epinephrine m doses of 2 5 to 7 5 v/gm was 
followed by rapid death from acute cardiac failure in a percentage of experimental 
animals and with a speed which increased with the dose 

(2) Injection of epinephrine was followed by accumulation of epinephrine in 
a modified form (lowered d.s r ) in the heart muscle 
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(3) If the total myocardial AC concentration (** basio concentration of ad 
oorbable chromogens which probably consist essentially of epinephrine-like 
catechol compounds, plus deposited intact and modified epinephrine) exceeded the 
critical level of 1900 col un./gm. for several minutes, cardiac death ensued in 
variably in the normal rats. 

(4) Thyroxine-prc treated rata succumbed to considerably lower epinephrine 
doses and myocardial AC concentrations than the controls. 

(5) Thlouracil -tree ted rats survived considerably higher epinephrine dose* 
and myocardial AC concentrations than the controls 

Table 6 gives a collective survey of older results and of those described m the 
series of this paper Here too the accumulation of epinephrine m the heart 
musclo after injection and the contrasting effects of thyroxine and of thiouracil 
upon the epinephrine tolerance of tho heart are conspicuous. 

It appears probable that the heart-protecting effect of thiouracil is primarily 
due to its suppression of thyroxine-formation m the thyroid gland (Astwood 
(24)) 


TABLE 6 

CclUchrt turrry of oltUr and r*e*ni txprriwunl* 
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Untreated oontrols 

49 

1 M2 

1 00 

% 

0 

Epinephrine (2.6-7 .5 y/gm ) 

55 

2 095 

1 25 

50 

Thyroxine + epinephrine (2.5 y/gm ) 

16 

2 072 

1 SO 

81 

Thiouracil + epinephrine (6 j0 7 /cm.) 

14 

2 053 

1 S9 

7 


Clinical implications of the effects of thyroxine and thiouracil on the epine- 
phrine-tolerance of the heart can be readily deducted if the pathogenic rAle of 
the most powerful intrinsic cardiotoxic agents of the human body epinephrine 
and sympathm is duly considered. 

The behavior of the dj».r indicates in general the presence of abnormally large 
amounts of Intact epinephrine (and sympathin) in the heart muscle after injection 
of epinephrine and also after treatment with thyroxine (older senes) and thioura 
off alone. However the individual results are rather Irregular m this respect. 
It seems that part of the injected epinephrine a rapidly transformed within the 
organism into a colorimotncally similar form but with a d.s.r lower than that 
of epinephrine proper possibly into Kisch a (25) Omega which is an anoxia 
inducing and thus probably cardiotoxic, oxydation product of epinephnne. 

SUUMAST 

Injected epinephrine Is accumulated In tho heart muscle of the rat m a modified 
form and is readily detectable there by chemical means. 

Cardiac death from injected epinephnne is determined by its concentration in 
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the heart muscle The lethal myocardial concentration was established for the 
normal rat 

It was found to be distinctly lowered by pretreatment with thyroxine and dis- 
tinctly elevated by pretreatment with thiouracil These opposite alterations 
of the tolerance of the heart to epinephrine were also demonstrated by striking 
differences in the mortality of thyroxine- and thiouracil-pretreated rats, com- 
pared with normal animals, following equal doses of epinephrine 

The chmco-pathological and therapeutic implications of the cardiotoxic effect 
of epmephnne on the heart sensitized by the thyroid hormone (angina pectoris, 
sudden cardiac death, etc ), and of the opposite protective effect of thiouracil 
treatment, are briefly referred to 
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THE PHARMACOLOGY OF N ALLYLN ORM ORPHINE AS COMPARED 
WITH MORPHINE 1 
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Yale Univernty School of Medicine Ne if Haven 

Bweind for publication October 23 1W4 

The preparation of normorphme and norcodeme by von Braun in 1914 made 
practical the synthesis of a series of derivatives differing from morphine and 
codeine only in tho radical substituted on the nitrogen. A large number of 
such compounds have been prepared by condensing various alkyl and dkylaryl 
halides with norcodeine One of these derivatives, N-aUylnorcodelne 1 has 
very striking pharmacological properties (1) It does not produce the typical 
depressant effects of morphine or codeine in fact moderate doses are almost 
without effect Largo doses will cause excitement and tetanic effects How 
ever it is an antagonist to the respiratory depression produced by morphine — 
the depression being prevented or abolished, depending upon the order of ad 
ministration of the two drugs These observations have been confirmed (2) 

On tho basis of the well known fact that morphme Is a stronger narcotic and 
analgesic agent than codeine the synthesis of N allylnonnorphine was under 
taken (3) with the hope that this compound might retam Hie analgesic and 
narcotio potency of morphine but lack the respiratory action. This appears 
to have been the first attempt to synthesize a nitrogen -substituted normor 
phlno derivative 

The amount of material available from this synthesis was insufficient for 
adequate pharmacological study The animal experiments reported below 
were performed using five grama of N-allylnormorphine prepared for us by 
Merck and Company 3 While this work was m progress a publication appeared 
by K Unna of the Merck Institute of Therapeutic Research (4) on the pharma 
cology of N allylnonnorphine. 

Mirra one Chcrmstry The chemical intermediate, nonnorphmo used in 
the preparation of N allylnonnorphine was prepared according to the method 
of von Braun (5) The nonnorphine was then refluxed directly with an excess 
of allyl bromide The product obtained (3) had a melting point of SO-D^C 
and gave a test for free phenobo hydroxyl with the iodoxybenzoate reagent (G) 

1 Supported in put by grant* from the Therapeutic Research Committed of the Connell 
on Pharmacy end Chemktry of the American Medical Aoociation and the Fluid Reaearch 
Fund of the Yale University School of Medicine 

1 Thi* nomenclature 1* accepted by the American Chemical Society in aplte of the fact 
that it introduce* an apparent contradiction Since noralkalold* by definition hare no 
■ ubatituent on the nitrogen there ahoold be do N-eubeiituted nor alkaloid* Although th# 
term N-allyl N-de«nethylcodeine would avoid tha error the accepted terminology will 
be u*cd through thia report 

* We wi*h to expren our gratitude to Dr R. T Major of Merck and Company for hi* co- 
operation. 
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A sample of N-allyl-normorphme prepared at our request by Merck and Com- 
pany had a melting point of 208-209°C (7) Thus there were two substances 
designated as N-allylnormorphine which had melting points differing by more 
than 100°C Re-mvestigation of our ongmal product for a free phenolic hy- 
droxyl with the FeClj test led to the conclusion that our procedure had resulted 
in allylation on the phenohe oxygen as well as on the nitrogen Thus, in all 
probability, the original material prepared by us is N allyl-O-allyl-normoiphme 
Conclusive proof of this must wait the synthesis of the compound from 0 allyl- 
normorphine 

Using the allylation procedure of von Braun for the synthesis of N-allyl- 
norcodeme (DRP 289, 274) we have been able to prepare N-allylnormorphme 
having the same melting point as that prepared by Weijlard and Erickson 

Solutions of N-alljlnormorphme were prepared for injection by dissolving a 
weighed amount of the anhydrous alkaloid (base) in water with the addition of 
a slight excess of hydrochlonc acid When complete solution had been achieved 
the excess acidity was neutralized by the addition of dilute sodium hydroxide 
to a pH of 5 to G Distilled wmter was then added to make the desired final 
volume Morphine was injected as an aqueous solution of Morphine Sulfate, 
USP 

Animal Experiments The respiratory actions of the drugs were studied in 
unanesthetized rabbits Respiratory rate was recorded by a magnifying tam- 
bour activated by a pneumograph placed on the animal’s thorax A nose mask 
and low resistance valves (8) were employed to control the direction of air flow 
so that inspiration was from room air and expiration into a collecting device 
In the early experiments the expired air was collected by displacement of water 
from an inverted graduate In the later experiments collection was in a cali- 
brated Krogh-type spirometer modified from that recommended by Wright 
(9) The float of the spirometer was made of iV mch sheet plastic (plexiglass) 
instead of sheet aluminum and the damping vane was located under the float 
instead of on the counterweight arm The capacity of the float was increased 
to about 4,000 cc because of the use intended Kymograph records were ob- 
tained by connecting the counterweight to a writing lever An electrically 
operated valve mechanism was incorporated so that the spirometer would 
empty itself when filled, thus permitting essentially continuous recording of 
respiratory volumes over a period of several hours As finally completed the 
system imposed a resistance to expiration of less than 1 cm water pressure 
The assembled apparatus is sketched m figure 1 and the details of the emptying 
mechanism are shown in figure 2 

The analgesic properties of the compounds were studied by the method of 
D’Amour and Smith (10) In this method the pain stimulus is heat from a six 
volt, fifty-candlepower light-bulb focused by an appropriate reflector and lens 
onto the tip of a rat’s tail The effect measured is the duration of the fixed 
intensity stimulus required to produce the characteristic twitch response of t e 
tail Probably the best evidence for the reliability of this method is indirect 
The originators found that assay of various opiates by this method gave result* 
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In good agreement with the accepted clinical value of the drug* After control 
determinations of sensitivity the drugs were injected intrapentoneafly and fur 
ther observations made at half hourly intervals 



Fio 1 Botch or Atta^a-tv* tom Recordi^o Resthutokt \ owrun 
Aba mask which b aealed around the animal *a noae by a rubber membrane B and B 
are low rtaiatance ralyea of the type date n bed by Bailer (7) for controlling the direction 
of air flow C b the krogh type «p fro me ter D b a demplng vane operating in an oil bath 
E U the automatic emptying valre (ae« Figure 2);Fl» the aplroroeter float made of trana 
parent Plexiglaai O b a counterwalght to balance the float; H b a writing Ictct for kyroo- 
graphlo recording 



Fza 2 DrrAiLRD Barren or Ejtrrrotc Mtmxuu 
The contact arm b mounted an the pi rot of the spirometer float The doable acting 
relay b derijped to maintain th« controlled clrcnlt in the eatabbabed condition after the 
controlling circuit b broken l.c during emptrlnr of tbe spirometer The ralre conmta 
of a bran body and a aoft Iron atom which b lilted by tbe aolenold coil and fall* by parity 
with a aoft apnng to inaura positive closure 
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The effects of morphine and N-allylnormorphine on the intestinal tract were 
observed on dogs made available to us through the courtesy of Dr C M Gruber 
and also of Dr J E Thomas These dogs had Thiry- Vella loops of one or 
another portion of the small intestine but were otherwise completely normal 
The motility of the loop was recorded by inserting a water-filled balloon (15 
cm water pressure) and recording the volume changes in this balloon by appro- 
priate means In these experiments the drugs were injected intravenously into 
one of the superficial veins of a leg 

Toxicity experiments were performed on mice for economy of material The 
drugs were injected either mtrapentoneally or subcutaneously m the region of 
the back as indicated m the results For each dosage ten previously untreated 
mice of a stock strain were selected to weigh between 20 and 25 gms 

Results Reeptralum The respiratory effects of N-allylnormorphine and 
morphine were studied on ten unanesthetized rabbits as previously described 
At least four experiments were performed on each animal as follows I N-allyl- 
normorphine (6 mgm /kgm ), 2 morphine (10 mgm /kgm ), 3 morphine fol 
lowed in 30 minutes by N-allylnormorphine, and 4 N-allylnonnorphine fol 
lowed in 30 minutes by morphine Consecutive experiments on each animal 
were at least a week apart and the order of experiments was varied from rabbit 
to rabbit in order to avoid habituation or conditioning phenomena The ex- 
periment was discontinued when the annual became too restless for reliability 
Ordinarily this occurred some five hours after the experiment was originally 
begun (three to four hours after an injection had been made) Though exact 
data on respiratory rates and volumes were obtained, the variation from animal 
to animal and from day to day in a given animal and also the quantitative vena- 
tion in response to the drugs make it impractical to present any numencal 
summary of the results The responses of one typical animal are shown graph- 
ically m figure 3 

When N-allylnormorphine was administered to an unmedicated animal there 
was sometimes, but not always, a brief but intense stimulation of respiration 
This was primarily an increase in respiratory rate accompanied by some decrease 
in tidal volume The minute volume was occasionally double the control 
value Within a few min utes the minute volume decreased to about the lower 
limit of control values The decrease was greater on those occasions m which 
the control value was high than when the control respiration was low It is 
difficult to assess the significance of this decrease, but perhaps it indicates 
tranquilization or some minimal degree of sedation The slightly low level 
was maintained for one to two hours following which the respiration returned 
to the control value The only other changes observed were late increases in 
rate and volume of respiration These were, in all probability, the result of 
restlessness rather than the action of the drug 

Morphine, m the unmedicated animal, produced its typical depression of 
respiration The respiratory rate promptly fell to quite low levels, the tidal 
volume increased somewhat, and the minute volume fell to about half its con 
trol value These effects persisted about four hours at which time changes 

due to restlessness occurred In one case the duration was but two hours 
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N allylnormorphine, administered 30 minutes after morphine produced 
almost tho same changes os when given to the unmedicated animal The above 
description of the sequence of events following ^administration of the allyl 
compound alone was not significantly altered by tho existing morphine action. 
During the periods of decreased respiration the volume approached, but rarely 
reached, the low level produced by morphine In most cases the value remained 
in the low normal range Thus the respiratory effects of morphine were com 
pletely antagonised by N allylnormorphine 
Morphine administered 30 minutes after N-oflylnonnorphlne was practically 
without effect Often there was a slight period of increased respiration during 
and for a minute or two following tho injection. This most probably resulted 
from excitement incident to the manipulation rather than from a drug action 
Thus the respiratory effects of morphine were completely prevented ,by premodi 
cation with N allylnormorphine 



Curve I — Morphine injected »t 1 Curve II - Morphine Injected at 1 followed at 
2 by N-alljlnonnorphine Curve III — N allyl nonnorphme Injected «t 1 Curro IV *■ 
N illyinonDOTphiae injected at 1 folicnrepd at 2 by morphine 

These results are in agreement with Unna a findings (4) though ho studied 
only changes m respiratory rate 

Analfftna In order to avoid changes due to habituation or tolerance in this 
portion of the investigation half the rats were tested with morphine on the first 
experimental day and with N-oDylnonnorphine on the second experimental day 
about two wrecks later the other half of the animals received tho drugs in the 
reverse order Control observations were made on each animal shortly before 
each injection The results ore given in table 1 

Since this fa a relath ely new method and the interpretation of results is not 
standardized two approaches to evaluation of the data were used First, by 
comparing the means and their standard deviations it seems obvious that both 
morphine and N-allylnormorphlno raised the pain threshold a significant de- 
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TABLE 1 
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grce It also seems clear that the degrees of analgesia produced by the two drags 
In the doses used are not significantly different Second by analysis of the three 
control observations on each animal (not included in tho tablo) it was found that 
a response time as mu oh as 1 7 seconds abovo tho average for that rat would 
occur by chance only once in about three hundred trials. Thus an m crease of 
1 7 seconds or more was considered significant analgesia Tho data were re- 
examined and a tabulation made of the number of *nimalw showing such an 
increase following the administration of tho drug By tho latter criterion It 
was found that the two drags produced analgesia in tho same number of am 
mala namely 19 of tho 41 used or 40 per cent 

Since both analyses of the data led to tho same decision it seems reasonable 
to infer that N-allylnormorphine in a dosage of 1.55 mgm /kgm (5 micromols 
per kgm ) produced about tho same rise m pain threshold as morphine in a doee 
of 3.8 mgm /kgm (10 micromols per kgm ) Since tho dosage of N allylnor 
morphine was only one-half that of morphino it seems that the allyl derivative 
is at least as potent as morphine m this respect 

Using a different typo of pain stimulus on mice Unna found that “N-allyl 
normorphino is much less effective than morphine m raising the threshold for 
pain 

Inic*tinal trad Tho effects of morphine and of N-allylnormorphine on the 
tonus and motility of the intestine were studied on trained unanesthehted dogs 
in which Thiry Vella loops had been prepared some time previously Two of 
these dogs had loops of the Ileum one liad a loop of the Jejunum and the fourth 
had a loop of the duodenum Four different experiments were performed on 
each animal, each drug being Injected alone and each followed by the other 
The ordor of experiments was different for each dog On each experimental 
day control observations were made long enough to be sure that the gut was 
■table as to tonus and activity 

Intravenous Injection of morphine (Iff mgm /kgm ) produced tho expected 
prompt and prolonged increase in tone accompanied by a decrease In activity 
N-allylnormorphine (0.5 mgm /kgm ) caused a decrease in tono with a slight 
increase in activity There was ono exception to this characteristic effect of 
the allyl compound. The dog having the loop in the jejunum showed an In 
crease in tone but practically no change m activity However on another 
day when N-allylnormorphine was injected (to be followed later by morphine) 
the characteristic effect was observed 

When morphine was followed by N allylnonnorphlne tho tonus of the gut 
promptly decreased to somewhat below the control level This was accom 
panied by a slight degree of hyperactivity When tho morphine was injected 
after the allyl compound the decreased tonus was eliminated but the hyper 
activity remained. 

Thus these two drugs appear to be mutually antagonistic with respect to their 
actions on the intestinal tract. However unlike the actions on the respiration 
tho administration of N-al 1 j In orm o rphine does not completely prevent the ac 
tion of subsequently administered morphine 
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Central nervous system in cats The subcutaneous administration of N aUv] 
normorphme to two cats failed to produce signs of excitement such as are known 
to result from the administration of morphine Since only two animals and one 
dose (2o mgm per animal) were used these results are not conclusive but tbev 
are in agreement with the findings of Unna ' 1 

Toxicity The mortality of white mice following administration of various 
doses of Is -allylnormorphme is shown in figure 4 From these curves the LD 



DOSAGE OF N-ALLYLNORMORPH1NE 

Fig 4 Dose mobtautt Cubves tor N'AH.yiaobuqbfhcje HrDRocmoraDE 
Each point represents ten animals 


50 of the compound by mtrapentoneal injection is calculated to be 491 5 ± 
27 8‘ mg /kg The LD 50 by subcutaneous injection is calculated to be 703 8 ± 
68 4 mg As The value, 670 mg /kg , reported by Unna for the LD 60 by 
subcutaneous injection does not differ significantly from our findings 

Lethal doses of N-allylnormorphine do not produce the sedation which is 
seen following morphine The Straub reaction, was present but not fully typ- 
ical and death was usually, but not invariably, preceded by convulsions 

«This figure vs standard error The limits indicated would include two-thirds of all 
determinations using other colonies of mice under the same conditions 
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Since death from acute overdosage of morphme la in some species the result 
of excessive respiratory depression it seemed desirable to investigate the pos- 
sibility that N allylnormorphme might decrease the mortality following toxic 
doses of morphine For comparative purposes the LD 60 of morphme sulfate 
was determined on our own colony of mice The result, 448 4 mg /kg is m 
substantial agreement with the findings of various other workers. Preliminary 



Fio 6 Do*x momtautt Cu»te» rot MonririKi Sulfat* Alojtk axd nt Mama with 
N ALLTLMORiiORninrH 

E*ch point rep rwent* ten animal ■ The curve msrktd br crows* la & control e*timjiUoa 
of the dote mortality curve for morphine aulfata alone Toe curve* denoted by the other 

r boli are do*e mortality cu rra lor N allylnormorphloe morphine auHate mixture# in 
proportion* Indicated Doaace of tbe»e mixture* i* plotted In term* of morphine 
•uifate content. 

studies using a fixed dose of N allyinormorphino mixed with varying doses of 
morphme sulfate suggested that the optimum protection Is achieved when the 
N-allylnormorphme and morphme are m i xed in a ratio of about 1 12 More 
careful studies were then made using the two drugs in ratios of 1 6 1 10, 
and 1 16 The results of these studies are given in figure 5 Considerable pro- 
tection is evident. 

In addition to tho obvious horizontal displacement of the doso-mortality curve 
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the alteration m slope of the curve is rather striking The maxunum change 
in slope is produced by the same drug ratio which gives the maxunum horizontal 
displacement The change in slope may indicate some alteration in the cause 
of death This seems reasonable when considered in the light of the known 
double action of morphine Although mice are poor test objects for showing 
the respiratory actions of morphine, they presumably die from a combination 
of respiratory depression and sp inal stimulation Thus if N-allylnormorphine 
decreases the respiratory effects it may well “uncover” a wider spread m sus 
ceptfbihty to death from spinal stimulation 


SUMMARY 

N-allylnonnorphine produces a transitory stimulation of respiration followed 
by a slight depression ' 

The depression of respiration by morphine is prevented if the allyl compound 
is administered previously or is abolished if the allyl derivative is given after 
the morphine 

N-allylnormorphine is at least as potent as morphine in raising the pain 
threshold of rats 

On the intestinal tract, N-allylnormoiphine has actions opposite to those of 
morphine However, prcmedication with the allyl compound does not prevent, 
but only decreases, the effects of morphine 

The excitement phenomena observed m cats following administration of 
morphine are not seen when N-allylnormorphine is given in comparable doses 

The LD 50 of N-allylnormorphine for white mice by intrapentoneal rejection 
is 491-5 mgm /kgm , and by subcutaneous rejection, 703 8 mgm /kgm The 
mortality of mice which have received toxic doses of morphine is decreased by 
the subsequent administration of N-allj lnormorphree 

Prom these findings it appears that replacement of the N-methyl group of 
morphine by N-allyl eliminates the respiratory depressant action, does not 
diminish the analgesic action, alters the action on the intestinal tract, and alters 
the excitant action in the cat In most respects the allyl derivative is antago- 
nistic to the parent compound 
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In a previous paper we liavo presented data on the distribution of quinine in 
the blood and tissues of the normal fowl after oral and intravenous admtoistra 
tion (1) The present report deals firstly with the distribution of quinine in 
jeeted Into birds infected with Platmodnan Qalhnaceum and secondly with the 
influence of experimentally induced anemia on the distribution of the drug in 
uninfected birds • 

M alenal and Methods White leghorns were used throughout. Sixteen birds 
mostly cocks weighing from 1 to 2 7 kg and threo chicks weighing about about 
200 grams wore used in the experiments on infected birds. Ten hnns about 
2 kg in weight were used in the anemia studies Eight birds five adults and 
three chicks served as controls 

The birds were infected by blood passage with the exception of numbers 
3106 2820 and the chicks which were injected intravenously with sporozoites 
obtained from tho salivary glands of Acdes aegyph Three of the birds (3105 
3110 3116) wore sacrificed when parasites were first demonstrable in blood 
smeara seven days after infection In the case of 3106 and after one day in both 
3110 and 3116 Five birds (3486 3489 320,2932 3135) were sacrificed during 
the acute stage of infection with parasite counts ranging from 06 to 90% para 
si tired red cells (fig 1) Eight birds (319, 3484 2934 3480 3491 3490 3487, 
2820) were recovering from infections, the details of which are given in table 1 

Anemia was produced either by bleeding on successive days or by the in 
tra venous injection of phenylhydraxme 30 mgm /kg (2) The degree of 
anemia was estimated by red blood cell counts and by hematocrit determina 
tions 

The adult birds received 10 mgm /kg of quinine as the hydrochloride in 
travcnously The chicks received 20 mgm. /kg intravenously Ono hour 
later the tissues were analysed for quinine by the method of Kelsey and Geil 
tog (3) 

* ThU work wai aided In part by a rant from the Dr Wallace C and Clara A Abbott 
Memorial Fund of the University of Chicago It waa done under a contract recommended 
by the Committee on Medieal Research between the Office of Scientific Reeearch and 
Development and tbe Unlrenlty of Chicago 

* John J Abel Fellow In Pharmacology 

•Recently Andrew* and Conutier (5) reported that in dog« hemorrhagic anemia eatned 
an Increased blood quinine level after a tingle oral doee of quinine 
319 
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Th u distnbut , 1011 of ^ « the tissues of normal and of mfcctcd 
adult bu-ds is shown graphically m figure 2, while the distribution m the chicks 
is summarized in table 2 In the figure, each solid bar represents tho quinine 
content in one bird expressed as mgm /kg of moist tissue The results are 



Fio 1 Deques op Parasitemia of Birds with Severe P oaemnacedai Infections 
The ordinate represents percent of infected rod cellB, tho abscissa, tho number of days 
after the injection of tho parasites 


TABLE 1 


The seventy and duration of infection of the eight birds recovenng from 
P galhnaceum infections 


WO 

DAYS DTCTCTED 

DAY OT WAX- 

iwTzcnow i 

% CELLS INFECTED 
ATCTUSJS 

% CELLS INF LOT ED 

AT DEATH 

319 

19 

7 

10 

1 J 

<1 

3484 

i 11 

9 

46 

6 

2934 

16 

13 

6 

2 

34B6 

16 

13 

28 

<1 

3491 

14 

10 

25 

<1 

3490 

20 

10 

10 i 

<1 

3487 

20 

9 

8 

<1 

2820 

39 

10 

88 

<1 


arranged bo that the first senes of bars m each tissue square represents the values 
found in control birds, the second senes, those of birds during early infection, 
the third, those of birds at the acute stage and the fourth, those of birds recov- 
enng from the infection 
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The quinine concentration observed In normal birds was relatively constant 
within the same age group but a much lower concentration was observed m the 
chicks than the grown birds although the former had received twice as large a 
dose Apparently chicks metabolize quinine at a much faster rate than do the 
older birds. In mtro experiments were done to see whether a greater activity 
of quinine oxidase could be demonstrated m the younger birds (4) However, 
in both adults and chicks only the kidney Bhowed any quinine destroying ac- 
tivity the order of activity being the same m each case 
The tissue quinine concentrations in the infected birds are much more van 
able than those of the controls and are frequently much higher This is es- 
pecially noticeable in the spleen bone marrow plasma and red cells and to a 
lesser extent m the brain muscle and liver Except m the plasma and m the 
rod cells, these differences are seen during the acute and recovery periods rather 
than during the early stage of the disease The results on the sporoxoitc in 

TABLE 2 

Distribution of quinine one hour after the Intrarrooui injection of 20 nagm-Ag Into 
llx young chlclo No 4101 4106 and 4100 were injected eight day* previously with P 
ffvUinacnnn iporosoltes No 4103 4104 md 4106 were normal control blrdi The data 
are given In ragm of quinine per kg of tissue 



IWTXCTM I 

raxu 

SlriNo. 

4tM 

410J 

41W 


■EH 

410* 

Essurau. 

XU 

a 

IU 

47 

19* 

n 

loo | 

i» 

1TO 

Spleen 

34 

76 



.. -■ , 

18 2 : 

13 1 

Kidney 

3 3 

16 6 

■IS 


BUf 

■n 

flrein. 

6 8 

20 6 

BIS 


Kil 

■Jfl 

Muscle 

2 5 

0 6 

III 


■B 

If! 

Liver 

16 4 

40 

=15 | 

78 1 

| 50 1 

6 5 


fee ted chicks suggest that the presence of exo-erythrocytic stages does not 
influence the distribution of quinine These birds received one week previ 
ouriy the Intravenous injection of the equivalent of two infected mosquitoes 
and at the time of the experiment, brain smears showed numerous exo-erythro- 
cytlc stages The liver and spleen contained considerably more quinine in all 
infected birds than in the normal controls but with the exception of number 
4105, the concentration in the brain muscle and kidney were approximately 
the same in both. Bird number 4105 appeared very weak after the quinine 
injection which may account for the fact that the concentrations found in its 
tissues wore much higher than those in the other two infected birds 
Tho quinine concentration in red cells and plasma, together with the red cell/ 
plasma ratio for ten normal birds and fifteen infected birds is summarized In 
tablo 3 In the two birds in which parasites were demonstrable in the blood 
ono day after infection (3110 3115) the quinine concentrations of the plasma 
were 0J2 and 15D mgm /kg respectively while the average value for normal 
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birds is 3 4 mgm /kg The quinine content of the red cells of these infected 
birds was slightly higher than that of normal birds In all birds with set ere 
infections, the quinine concentration of the red cells was well above the average 
of the controls in contrast with the quinine concentration of the plasma which 



ass- 

OF 10 Mom /Kg 

anils V»flr ronresenta the quinine content of one bud in ragm ■4 


4100 UlOll, VWO| ~ 

S4S0,34SJ Mid 2820 were recovering 
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fell within the normal range During tho recovery period, however high values 
occurred m both plasma and red cells though not always in the oame bird. 



Fio 2 b 

Bee below fit 2* 


In regard to the ratio of tho concentration of quinine in plasma as compared 
with that of red cells tho value in normal birds was found to bo relatively con 
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stant, the average value being 0 6 In contrast, the ratio in the infected birds 
was more variable and in some birds reached a value greater than one Since 
this occurred even in the absence of parasites in the circulating blood (e g 
number 319) the differences cannot be wholly ascribed to a localisation of qui 
nine in the infected cells 

Since the infected birds are usually anemic, it was thought advisable to study 
the effect of anemia per se on the distribution of quinine in the cells and plasma 


TABLE 3 


Quinine concentrations in the red cells and plasma of normal and infected birds 
(i 3 gallxnaceum) one hoar after the intravenous administration of 10 mgm /kg 



DUD wo 

Steen 

INTICTXD 

ITAKUA 

ud cnxi 

tXDCZLL 

JLA5VA 




mpn jki 

mtm /it 


Normal birds 

1 


3 4 

2 2 

0 7 


2 


2 7 

1 9 

0 7 


3 


4 1 

2 3 

0 6 


4 


2 1 

1 9 

0 9 


e 


6 0 

1 9 

0 4 


6 


3 8 

2 2 

0 6 


7 


2 9 

1 1 

0 4 


8 


2 6 

1 9 

0 8 


9 

1 

i 24 

1 8 

0 8 


10 

f 

i 

4 9 

2 2 

0 6 

Early infection 

3105 

1 

6 0 

2 6 

0 6 


3116 

8 0 

9 2 

3 0 

0 3 


3116 

9 0 

16 0 

2 9 

0 2 

High infection 

3485 

66 0 

4 0 

4 7 

1 2 


3489 

67 0 

2 9 

6 7 

2 0 


326 

90 0 

6 0 

10 4 

2 1 


2932 

82 0 

6 0 

6 6 

0 9 


3135 

90 0 

4 8 

3 3 

0 7 

Recovered 

319 

1 

2 6 

0 1 

2 4 


3484 

5 0 

6 9 

2 4 

0 4 


2934 

2 0 

7 6 

4 4 

0 0 


3486 

1 

3 1 

2 2 

0 7 


3491 

1 

9 6 

6 4 

0 6 


3490 

1 

2 4 

2 1 

0 9 

{ 

| 34S7 

1 

1 2 

0 7 

0 6 


In the first senes of experiments, four bens were bled on successive days, 15 
to 25 cc of blood being removed by heart puncture One hour previous to the 
bleeding, the birds received 10 mgm /kg of quinine intravenously The red 
cells and plasma of the withdrawn blood were then analysed for quinine Red 
blood cell counts were made pnor to the admmistration of the < qmnrne and 
hematocrit determinations made at the time of the heart punctures The date 
from this experiment are presented in table 3 It can be seen that as the anemia 







TABLE 4 

The concentration of quinine In the red blood cell* end pljuuna durlnf anemia. Bird* 
were bled on anecaarira daja and rewired 10 mym./tt of quinine one boor prior to the 
withdrawal of blood 
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progressed, the quinine concentration increased in both red cells and plasma, 
and in some instances the concentration in the red cells was greater than that 
in the plasma 

In a second experiment, three birds were made anemic with phenylhydranno, 
30 mgm /kg intravenously, while a fourth was made anemic by bleeding The 
birds all received 10 mgm /kg of quinine intravenously and one hour later the 
tissues were analysed for quinine The results are presented in table 5 A high 
quinine concentration in the spleen was found m all birds receiving phenyl- 
hydrazine and a high concentration in the hver was found in two of the birds 
High values in both plasma and red cells was found in only one The quinme 
distribution in the birds made anemic by bleeding was essentially that found in 
normal birds with the exception of the higher red cell and plasma values 
These results on anemic birds suggest that the increase in quinine concentra 
tion in certain tissues of infected birds may be related to the concomitant anemia 
rather than to the presence of parasites That the phenylhydrazine-treated 
birds differ from the bled birds m regard to tissue distribution of quinine is not 
surprising in view of the different type of anemia produced The former, with 
its destruction of red cells is probably more comparable to the anemia of malaria 

SOTIMART 

The distribution of quinme after intravenous administration m the tissues of 
birds infected with Plasmodium galhnaceum and of birds made anemic by 
bleeding or by injection of phenylbydrazme has been studied 

In infected birds, the quinme concentration in the spleen, plasma, red cells, 
bone marrow and hver was frequently higher than m uninfected controls 
Higher values were also occasionally found m the brain, leg muscle and lung 
No significant differences were noted in the Bpmal cord, pancreas, kidney and 
heart 

The increased quinme concentration m infected birds is probably not asso- 
ciated with the presence of parasites m red cells or as exo-erythrocytic stages 
Relatively high quinme concentrations were found m both plasma and red 
cells in most of the anemic birds, and m the hver and spleen of birds made anemic 
with phenylbydrazme The relationship between the anemia of the malaria 
infections and the fate of the rejected qumme is discussed 
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In an investigation of a series of heterocyclic sulfonamides foT activity as 
suppressive and prophylactic agents against certain species of avian malaria 
i-eutfanflamido quinox&lme was found to show promising activity When 
compared on the basis of blood concentrations 1 it proved to be os active as sul 
fadianno and sulfapyranne against P lophurae as well as another species of 
avian malaria and twice os active as these compounds when comparison was 
made on the basis of weight dosage. It was found that unlike sulfadianne and 
sulfapyranne both of which had to be given three times daily or incorporated 
in the diet, 2-sulfanflamide qulnoxaline would suppress certain avian malaria 
infections even when administered in single doses at 48 hour intervals. Stud 
ies on the pharmacology of 2-*ulfanilanudo qumoxahne showed that it possessed 
certain properties not shown by any of the sulfonamides that have been de 
sen bod in the literature. In this communication we are reporting studies on 
some phases of the pharmacology of 2-eulfaniUmido qulnoxaline 
The chemistry of 2-sulfanilamido qulnoxaline (hereafter called sulfaquinox 
alme) is described by Weijlard, Tishler and Erickson (2) The structural 
formula is the following 



Solubility measurements in distilled water using phosphate buffers to es- 
tablish the pH showed that sulfaquinoxaline was considerably less soluble 
than certain of the commonly used gulf o n ami des.* The solubility of sulfa 
qulnoxaline is compared in table I with that of sulfadiaxme, sulfapyridme sulfa 
thin role and sulfamethanne as reported by Rose ct al (3) According to these 
figures the solubility of sulfaquinoxaline is less than that of the other sulfon 
amides with the exception that at pH 7 9 it is somewhat more soluble than gulf a 
pyridine The solubility of acetyl sulfaqumoxaline at the physiological range 
or urinary pH is 10 to 20 times as great as that of the base. The acid ionization 
constant of sulfaqumoxaline was found by use of the method of Bell and Rob- 
lin (4) to have a value In water of 5 9 ± 03 
The persistence of sulfaqumoxaline in the blood of the rat and the dog fol 
lowing single oral doses fa shown in figures 1 and 2. In both species an appre- 

1 All datermlnatiom of the concentration* of aulfonamlde* In thii report were performed 
by the method of Bratton and MarahaD (1) 

* We are indebted to Mr W A. Baatedo of Merck 4 Co Inc. for the determination* of 
the aol ability and the acid Joniration constant of anlfaqnlnoxalloe 
J57 
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CJable concentration remained in the blood 4 days after oral administration 
Following intravenous administration of the sodium salt the behavior was much 
the same as following oral administration There was, of course, a high initial 
peak concentration but this dropped off fairly rapidly to a plateau which was 
maintained for days Veiy little of the drug was acetylated by the rat and the 
monkey following a single dose as protein free blood filtrates subjected to acid 
hydrolysis had practically the same concentration of diazotizable material as 


TABLE 1 


pH 

S2 

6X1 

6 5 

7.0 

75 

IS 




scUTflnm— ■ 

vox /i 00 ire. 


Sulfaqumoxaline 

0 75 

1 5 

43 ! 

| 1U 

37 

i 76 

Sulfadiazine 

20 

20 

25 


64 

| 100 

Sulfapyridme 

1 62 

62 

62 

[ 02 

1 03 

66 

Sulfathiazole 

96 



138 

200 

312 

Sulfamethazine 


196 j 


234 

295 

372 


Tbs solabillty measurements were made at 37°C ±0 2°, and equilibrium was approached 
both from supersaturation and from unsaturation, In no ease was the difference more than 
3% of the value found Except for the lowest point (which represents the solubility in 
redistilled water, equilibrated in pyrex), phosphate buffers (0 1 M) wore usod to roughly 
establish the pH, and the pH at equilibrium was measured with a glass electrode 

<WT I 250 MGM/KGM. 

RAT 2 230 MGU/KGM. 

RAT S 2JO M0M7KGM. 



TIME IN HOURS 

Fro X Blood Levels nr Rats Following a Single Oral Dose or 250 Man rm Kou 

Of StTLT A0U1N OXALTNE 


the nonhydrolyzed filtrate, after repeated doses 10 to 20% of the drug was 
acetylated The dog showed no acetylation while m the rabbit about 60% of 
tbe drug was found to be acetylated 

As the persistence of tbe drug in the blood stream would lead one to expect 
tbe rate of excretion in urine was very slow However, crystals did appear m 
the lndnev in rats and monkeys receiving sufficient sulfaqumoxaline to maintain 
a blood omoaatmtaoo ol .boot 10 mgm % Those have 

by Stevem, Wolf and Pfi inter (6) so «* highly inaohible 3 bydragy denvahv 





SULTAQUINOXALINE 


359 


Scudi and Sflber (6) have found that very little unchanged sulfaqulnoralinc 
appeared in the urine, tho bulk of the drug was excreted as the 3-hydroxy denvn 
tive and a water soluble fraction It is of interest that sulfaqumoxaline has 
not been found to produce crystals in the kidneys of the dog and the rabbit 
Acute toxicttt Sulfaquinoxaline suspended in 10% gum acacia was 
administered by stomach tube to 20 gram white mice (Carworth CF1) and to 
150 gram white rata (Carworth) The animals were held under observation 
for seven days following the administration of the drug As shown m table 2 



Fio 2. Blood Lmu m Doa» Followiko Sotqlb Oral Doses or 250 Mom. ter Kau 
(Utter 3 Curtes) akd 100 Mom. ter Kom or Sultaqotxoxaukr 


TABLE 2 

Acutt oral toziatf of nlfaqwioxalin « tn wncc 


BOW 

m. or m 

TO. BC AO a 14 »oim 

TO. BCAB W ] D*n 

n»7lx»- 

6 

30 

0 

0 

7 5 

30 

0 

1 

10 0 

40 

0 

6 

12 6 

40 

0 

2 

L5 0 

40 

0 

7 


the acute toxicity of sulfaqumoxaline in the mouse was very low Only one 
of 30 animals died following a dose of 715 gram/kgm and but seven of 40 ani- 
mals died after a dose of 15 gram/kgm., tho highest dose that it was practically 
possible to give 

Tho acute toxicity in the rat was much greater than in tho mouse as four of 
10 rats were killed bj a dose of 1 gram/kgm In most of the rats death oc 
currcd within the third to tho fifth day* after dosing Gross examination of the 
kidneys or the rats on tho higher dose levels showod tiny yellow crystals scat- 
tered throughout the cortex and medulla as if the tissue had been sprinklM 
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with gold dust The deposition of crystals in the kidney was, however, not the 
immediate cause of death as all animals dying after large doses of eulfaqumox- 
aline showed hemorrhages into the pleural and the peritoneal caVities of an 
extent which could be regarded as incompatible with life In addition gross 
hemorrhages into the tissues of the neck were frequently found and there were 
ecchymotic areas wherever capillaries might have been injured in the handling 
of the animals 


TABLE 3 


Lowest single oral dose of sulfaquxnoxahne producing hypoprothronibinemta m the rat 
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12 
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15 
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18 

16 

14 

13 


19 

16 

23 

12 


20 

17 

15 

14 

100 

21-30 All 
normal 





It was apparent from the results of the acute toxicity studies that interference 
with the coagulation mechanism was one of the critical toxic manifestations of 
sulfaqiunoxalme Studies of the platelets revealed no abnormalities Deter- 
minations of the prothrombin time, however, showed that single massive doses 
caused a prompt and marked drop in prothrombin levels (table 3) which m 
the majority of the rats reached a peak in about 24 hours after a single dose and 
was hack to normal at 48 hours In some of the animals the hypoprothrombm- 
emia developed more slowly and either returned to normal gradually or in- 
creased to a point where the anima l died of hemorrhage 
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An experiment was earned out to determine the maximum single dose of 
sulfaqmnoxaline that could be gi\un without effect on the prothrombin lovel 
(tablo 3) It was found that a single dose of 200 mgm /kgm po did not change 
tho prothrombin time In 10 of 10 rata while 400 mgm /lgm prolonged the 
prothrombin time In 0 of 10 rats. When vitamin Ki wm given simultaneously 
with sulfa qu inoral in c the development of hypoprothrombinemia was prevented 
and If given when hypoprothrombinemia was established it would cause prompt 
roco very * 

Chronic toxicttt Smoe a single dose of the drug maintains a reasonably 
constant blood level for many hours, it was docided to administer it to all ani 
mala in single daily doaea All except a few of the animals receiving 100 mgm / 
kgm or more of tho drug were gi\ on vitamin Ki dally to protect against hypo 
prothrombincmia and thus prevent hemorrhagic death from mashing other tone 
effects of the drug 

Sulfaquinoxalino is well tolerated by the rabbit. Fivo rabbita sacrificed 
after 07 single doses of 600 mgm /kgm over a period of 3 months showed no 
gross evidence of tissue damage It Is of particular interest that no nephrohthi 
asm was observed although urinary concentrations as high as 400 ragm. % of 
total drug occurred 

Three dogs given 100 mgm /kgm dally without protection of vitamin Ki 
died of hemorrhage within 7 8 and 14 days respectively A second group rcceiv 
mg the same dose of sulfaquinoxalino but with 25 mgm of vitamin Ki seemed 
In good health after 3 months of daily doemg Those dogs however had a 
macrocytic anemia which foilod to respond to the parenteral administration of 
either Ttetlculogen (Lilly) or a liver extract of high folio acid content. Dogs 
on lower dose levels had normal blood pictures at the end of 4 months of daily 
doemg although on occasional dog did show a transient anemia and hypopro- 
thrombinemia during the experiment As in the rabbit, nephrolithiasis was not 
observed 

The number of rats on chronlo toxicity test tho dose levels, average blood 
levels and the number of deaths at intervals up to 0 months arc shown in table 
4. Only the 25 mgm /kgm dose proved non toxic over a period of 0 months 
With the exception of rats which died of causes not related to drug toxicity 
all animals dying during the course of tho experiment presumably died because 
of severe renal damage On gross examination of tho kidneys yellow crystals con 
anting of 3-hydroxy 2-sulfanflamido qmnoxalino were found scattered through 
out the cortex and medulla Very few of the kidneys had crystals In tho pelvis 
stones were rarely found In the ureters or tho bladder On microscopic exami 
nation of the kidneys of rats which had received sulfaquinoxalino over periods of 
eral weeks, many of tho tubules were found to bo severely damaged and In 
some cases reparative fibrous proliferation was beginning Apparently as a 
compensatory mechanism many of the tubules were marked!} dilated The 
glomeruli in general appeared to be normal Most autopsies revealed some 

A detailed atndy of th« relation of vitamin K like compound! to the »uIfaquiDoxjJine 
hypoprothrombinemia will be reported by C W Muahett and A O Beeler 
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thyroid enlargement and, m the males, testicular atrophy Hematological 
changes were not striking 

Ten Maccacua rhesus monkeys v.ere given sufficient sulfaqumoxalme to 
mamtam plasma levels of approximately 10 mgm % for one month Within 
the first ten days all the monkeys began to show many leucocytes in the urinary 
sediment but during the entire experiment only a few of the animals had a slight 
transient microscopic hematuria associated with albuminuria At tune of 
sacrifice all the monkeys had elevated urea nitrogens and fixed unne specific 
gravities In three of the three monkeys tested, the Diodrast clearance was 
poor On autopsy the kidneys were found to have crystals scattered throughout 
the medulla and cortex 


TABLE 4 


Chrome toxicity of svlfaqmnoxahne tn rats 
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All rats except those in groups 6 and 7 were given a daily dose of sulfaqumoxalme sus- 
pended in 10% gum acacia together with 10 mgm of vitamin K, in peanut oil Rats in 
group 6 were given 10% gum acacia alone and those in group 7 were given 10 mgm of 
vitamin Ki alone 


Since nephrolithiasis appeared to be the primary toxic manifestation if the 
hemorrhagic tendency was controlled by the administration of vitamin Ki, 
experiments were performed to learn whether the administration of alkali 
would be prophylactic The incidence of renal hthmsis in the rat and the 
monkey was not reduced even though sufficient sodium bicarbonate was given 
by mouth to mamtam a urinary pH of at least 8 6 


SUMMARY 

Sulfaqumoxalme is as effective against certain species of avian malaria as 
sulfadiazine and sulfapyranne on the basis of blood concentrations and is ap- 
proximately twice as active when comparison is made on the basis of weigh 
dosage The drag is remarkable m that it remains in the blood for days whether 
given by mouth or intravenously 

Sulfaqumoxalme is unique among the sulfonamides reported m the literature 
m that it is capable of producing a marked hypoprothrombmemm within 24 
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hours in rats and dogs on a normal diet. In the rat and the dog the effect of 
the drug on the prothrombin time can be prevented by the simultaneous ad 
ministration of vitamin 

In the rat and the monkey kidney damage occurs when the plasma concen 
tration reaches 10 mgm. % or higher The dotal convoluted tubules and the 
collecting tubules are blocked by crystals of the relatively insoluble 3-hydroxy 
derivative The maintenance of a urine pH of 8h or above in the rat b> the 
oral administration of sodium bicarbonate docs not prevent the precipitation. 
Nephrolithiasis has not been observed in the dog or the rabbit 
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Ergot js one of the few drugs that has been constantly before the public eye 
throughout modern tunes A heavy infestation of rye, the chief source of ergot 
such as has caused epidemics in the past, is rare, and only arises through a 
coincidence of several circumstances The chief factor is the atmospheric 
condition during the flowering period of the rye, at which time the infection of 
the rye with the ergot ascospores takes place, normally this period lasts for onlj 
a week, but it is prolonged by cold and rain A cold wet season, therefore, not 
only increases the infestation, but also reduces the yield of the grain Such a 
season existed in this country in 1917 when the rye in JVisconsm was infested so 
heavily that nearly every head had one or more sclerotia and the amount of 
ergot in the rye m Connecticut ranged from 1 to 5% (1) In addition to tho 
influence of the ergot there appears to be other factors involved in the production 
of ergotism Persons who consume large quantities of rye bread often hav e an 
inadequate diet, especially a deficiency in vitamin A Animal experiments, 
although not conclusive, indicate that a deficiency of this vitamin increases 
) the seventy of the convulsive form of ergotism (2) In the present investigation 
we have demonstrated the influence of protein on a form of ergotism The 
most recent extensive human epidemic was reported m Russia following the cold 
wet summer of 1926 (2) The clinical symptoms were closely correlated with 
the amount of ergot in the lye Ergotism appeared w herever there was as much 
as 1% of ergot present Rye with 7% of ergot caused fatal poisoning Freshly 
harvested rye appeared the most toxic In an area with a total population of 
606,000 2% were affected In 30% of the cases the condition w ns acute and 
lasted for only 3 to 4 days, m other cases the chronic form persisted from 3 to 4 
months The mortality due to ergotism for the whole district was about 0 8% 

A mild epidemic occurred in Manchester, England, m 1928 (2) No epidemic 
has occurred m the United States among humans, however, there have been 
numerous reports of ergotism in livestock (3, 4, 5) 

Ergot came into prominent use by the medical profession in the eighteenth 
century, although it was apparently used earlier by midwives It is surprising, 
therefore, that with this early and great attention to ergot, there has been no 
thorough investigation of its chrome effects on laboratory animals Short 
experiments such as those of Johnson and Palmer (6) on swine and rats show 
that ergot reduces the food intake and retards the growth of animals These 
investigators fed diets containing 0 1,05 and 1% ergot to rats for 12 weeks ana 
0 6% ergot to swine for 6 weeks Stockman (7) fed a monkey oatmeal cakes 
con tainin g 25% ergot for a month, then increased the ergot to 50% and continued 
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the experiment for 3 months. The animal remained in good health Tuo 
other monkeys were fed for 2 months on cakes made of ergotlxed ne ’ They 
showed no symptoms of ergotism Pentscheu (8) fed an ape a diet containing 
from 0 6 to 3% ergot for 7 months No toxicity n as observed Langccker 
(9) fed ergot to rabbits mice rats and guinea pigs The experiment with rata 
was the longest and lasted for about 100 days Seven rats recaved a gram of 
ergot each daily except for an occasional day when the normal diet was sub- 
stituted Four animals died early but m the stirvh ors no abnormality except 
cyanosis distal to an experimental trauma on their tail was noticed Mel 
lanby Sune and Harmon (10) fed from 2 to 5 grams of ergot dally to each 
of two puppies for 10 weeks. The only harmful eJTect was that it reduced the 
food intake otherwise it was beneficial in being antirachitic Ivaumts (II) 
fed crude ergot to 2 cocks One was fed 180 grams of ergot intermittently for 
-4 months the other was fed 250 grams of ergot over a period of a year Vascular 
changes occurred in the combs of both birds In order to extend these incomplete 
and partially negative results of the feeding of ergot to laboratory animals we 
have fed small amounts of ergot in different diets for the approximate lifetime 
of the rat. 

Experimental. Groups of 20 female rats each from our colony of Osborne- 
Mendel strain were started at 3 weeks of age on dosages ofl 2 and 5% of ground 
crude ergot in our diet A (12) a relatively high protein diet, along with a group 
of 20 control females. The rats were kept In individual cages In an air-conditioned 
room for the duration of the experiment. 

While these experiments were In progress a second senes of animals was 
started with the same levels of ergot in a low protein diet. There were 18 rats 
in each group and they were randomized m regard to litter mates Since it 
was thought possible that ergot might affect the sexes differently each group 
consisted of an equal number of males and females The ration used in this 
experiment was composed of cornstarch 72% casern 0% corn oli 0%, brewers 
yeast 5%, whole liver powder 5%, salt mixture (U.S P XII No 2) 4% and cod 
liver oil 2%. Since it was learned from the first experiment that sorao weanling 
rats refused to eat the food containing 6% ergot, this group was started at a 
lower dosage (2%) and the level was Increased to 5% after 2 weeks 

The ergot used was a mixture of pooled lots of imported erode ergot to give 
a total of about 40 pounds, which lasted for the duration of the two senes of cx 
pen merits The ergot was kept m a tightly covered container since it has boon 
shown that crude ergot loses its activity very slowly as measured either by the 
U.S.P cock s comb method or by the colorimetric assay for total alkaloids 
when so stored Since ground ergot detenorates fairly rapidly (2) wo ground 
small lots when needed 

Results Ejject of Ergot on Earig Ormrih To ha\ e the analyses correspond 
in all senes of experiments a study was made of the effect of ergot on growth 
rate dunng the fourth to the fifteenth week inclusive. The rats were 3 weeks of 
age when placed upon the experimental diet but in order to slraphfv handling 
the rats the examination at the end of the first week was ndv anccd or retarded 
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by sev eral days m some cases, so that individuals could bo weighed on the same 
day of the vv eeh Hence, the time beta een the first and second w eightng v aned 
in length from 4 to 10 days and w as omitted from the calculations Also in the 
second senes of experiments the rats in the group with the 5% ergot were first 
placed on a diet w ith 2% ergot and w ere continued on this diet for 2 w ceks before 
being placed on their final diet After one w eek on the diet w ith 5% ergot, the\ 
apparently had become adjusted to the new regime and w ere eating more or less 
regularly By terminating the cune at 16 weeks, the growth rate had onlj 
slightly declined as the rat approached maturity 
Data from w hich table 1 is taken have been studied by the annlsysis of v anance 
In the first senes of experiments with female rats and the high protein diet, the 
analjsis showed a highly significant value between the Ie\els of ergot (p < 001) 
When this w as broken down into a more detailed stud} , it w as found that onl) 


TABLE 1 

Mean growth gain during t!ic 4th to IBlh wee) tnehtstre 


DOSAOE or 
EE COT 
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Grarr.s ir lost rnortiN Dirr 
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Standard 
error of 
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error of 
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% 



trams 

trams 



trams 

tramt 

0 

1 18 

F 

136 77 

±4 63 

9 
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232 55 

±13 91 







F 
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± 4 67 

1 

10 

F 

133 78 

±2 DS 

9 

M 

173 33 

±15 17 







F 

13G 22 

± 0 11 

2 

20 

F 

132 00 

±4 80 

9 

M 

14C 22 

± 8 03 







F 

11G 33 

± 0 77 

5 

16 

F 

03 31 

±4 00 

9 

M 

88 44 

±10 10 








93 11 

± 5 57 


the 5% lei el of ergot was significantly different from the control group The 
mean growth values (table 1) for the 1% and 2% levels are slightlj below the 
controls but the differences are not significant (p < 05) 

In the low protein senes not only is there the normul difference in grow th rate 
between the sexes to ergot treatment, but the difference in response between 
the sexes is significant In all instances ergot is more toxic to the male rats 
Growth rates, except for the female rats on the 1% ergot, are significant)! 
different from the controls At the 1% level ergot retards the growth of male 
rats On this low protein diet a slightly more toxic effect w as observ ed than on 
the high protein diet, where no effect was seen even at the 2% level of ergot 
Effect of Ergot on Late Growth At G months of age the grow th rate decreases 
to a Said} even increment, approximately one-fifth of tiiat during the pernx 
between the fourth and sixteenth weeks Individual growth curves . 101 
linear trend, therefore, the increase in w eight of the rats for the inten al >c w ec 
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the 27th and 52nd weeks inclusive was computed independent!} A few indi 
vuluals died during this interval but most of them except for tho group on 5% 
of ergot in tho first senes of experiments In ed much longer The increase in 
growth for the individual groups therefore, could be considered of equal re- 
liability 

An analysis of variance for the late growth gam of the rats m the first series 
showed no significant difference from the controls Onlj 9 rats survived on the 
6% of ergot and although there is a slight difference in growth rate the difference 
b not significant with the few survivors The vanance of the late growth de- 
creased with the number of survivors 

A preliminary analysis of the 04 obsorv ations on the late growth rate for the 
low protein series showed that tho effect on growth was similar to the first period 
The vanance showed a significant sex difference in response to ergot Since the 
individual vanation in the earl} period still might liave affected the late growth 
rate its effect was adjusted bj analysis of eovanance The method of onnlysis 
followed was that of Bliss and Marks (13) The correction of the observed 
values of (P) for the initial vanation (H') is based upon the regression of 1 
upon TF os determined from the experimental error Thus the regression 
coefficient (b ) for relating I to Tl is determined from the row of values for 

error ns 6 = (or error T ^° * or CaCh ro " of “ adjusted 

according to tho formula (P) — b 3 (IP) — 2b (IFF) -f- (P) The outstanding 
result of adjusting the mean squares is the effect on tho values representing sex 
susceptibility Before adjusting tho observed mean squares a significant sex 
diffcrcnco was indicated and afterwards the valuo had crossed the margin 
between significance and nonsignificance Thus it is seen tlrnt the increased 
toxic action of ergot on the male animals during the eorl} growth period has 
now been overcome In tho plateau period both sexes respond alike to tho 
chronic toxic action of ergot on growth 

Fractionation Study Our findings in the above experiments raised a number 
of questions Tho chief question concerned the possible constituent or con 
stituents of ergot responsible for the chronic toxic artions Ergot Is a highlv 
complex sulietonco 'Nelson and Calvery (14) list 10 alkaloids which have 
licen isolated from ergot Crude ergot contains also three pigments numerous 
car boh} drat os gl}ccnde« sterols amines organic acids and bases (2) A 
thorough studv vvt uld require the chronic feeding of the 10 alkaloids and some 
of the other constituents Manx of these are not av oilnblc In sufficient quantities 
A fractionation stud} using defatted (bv percolation with petroleum ether until 
fat free) ergot fnttv residue and ergotoxine however has licen done Croups 
consisting of 8 mnle and S female rats were each placed on diets containing 5°^ 
whole ergot 5% defatted ergot 5°^ ergot oil ergotoxine os ethancsulfonntell.SJ* 
equivalent to the average amount in 5% ergot (ergotoxine etlinnowilf unate to 
furnish 1 mgm of alkaloid for each gram of whole ergot) and control These 
rats also liad a low protein diet but after about 0 montlis it differed shghtl} 
from the low protein diet given above Became of tho scarcitv of whole liver 
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P° v ’ ^ er > 11 " as eliminated from the diet and the starch and casein increased b\ 
2% and by 3% respectively 

The most striking features of an initial inspection of the data for the period be- 
tween the fourth and sixteenth weeks (table 2) were the small size and the short 
survival of the rats on the defatted ergot, particularly, this was true of the male 
group Since the amount of ergot was first w eiglied out, then defatted, with the 
oil gnen to one group and the defatted portion to the other, there Mas no dif 
ference between the amount of ergot in the food of the rats with 5% whole ergot 
and that of the rats with the 6% defatted ergot In general the amount of oil 
in a batch varied from 30 to 35% Both the animals m the 5% defatted ergot 
group and those in the 5% w hole ergot group ate much less food than those in 
the other groups, bon ever, there was no appreciable difference between these 

TABLE 2 


Mean growth gain during the 4th to 15th week lndusnc for rale on the fractionation 
study low protein diet 


DXUO 

DOSAGE IK 
texhs or 

WHOLE EXGOT 

KO OF 
AHUM LS 

SEX 
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% 
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gram 

Ergot 

6 

8 

M 
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±17 18 



6 

F 

73 83 

±16 02 

Defatted Ergot 

5 

4 

M 

0 00 

±0 09 



8 

F 

| 50 89 

13 30 

Ergot oil 

6 

8 

M 

217 02 

±12 SO 



8 

F 

121 76 

0 63 

Ergotoxine 

5 

8 

M 

179 60 

±11 20 



8 

F 

119 62 

7 01 

Control 

0 

8 

M 

235 25 

±10 30 



8 

F | 

131 25 | 

±0 49 


two groups In both groups the male rats grew slower than the females The 
increased toxicity of ergot when the fatty portion is remo\ ed confirms an earlier 
experiment from this laboratory Moms (15) found that 1% of defatted ergot 
retarded the growth of male rats on our standard diet A and that 1% of whole 
ergot had no effect on growth Further study of the data by the analysis of 
variance brought out the fact that there was also a difference in susceptibiht} 
betw een the sexes in the ergotoxine group In this group the male animals w ere 
significantly smaller than the controls (p < 01 ) Ergot oil did not affect growth 
Since a large number of the rats from the groups on whole ergot and defatted 
ergot died or were rapidly losing weight previous to death the grow th gams m 
the late growth period w ere unreliable At the end of the year, the groups on 
ergot oil and ergotoxine were not significantly different from the controls 
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Indeed during the late gron th period the male rats on ergotoxine had Increased 
their rate of growth sufficiently to make up for the retarding effect of the drug 
during the first weeks of the experiment. 

Paiholoot Of the 292 rats discussed in this paper 193 were sectioned 
microscopically 161 of these had been fed ergot and 42 were controls. The 
routine sections included lung heart liver, spleen pancreas stomach small 
intestine kidney adrenal test is and ear tumors Uterus ovary bone marrow 
bone and leg muscles were frequently sectioned From the individual reports 
a summarization of the important lesions has been made (tabic 3) 

The pathological changes observed fall mto three groups — those caused 
solely by the ergot and not present in the controls those present to some extent 
in the controls but to a greater extent in the treated animals and those caused 
by inadequacies in certain of the diets and present equal! v in control and treated 
animals In the first group are three lesions — neurofibromas of the ears necrosis 
and calcification of the lower ends of the renal pyramids and enlargement of the 
ovaries from marked corpus luteum hyperplasia These lemons were noted m 
40 46 and 41 of the 218 treated animals respectively and m certain groups were 
present in a majority of the animals. In ecv ernl thousand other rats fed a large 
variety of substances other than ergot and often showing severe damage from 
the substance fed these three lesions have been almost nonexistent, ovarian 
enlargement from corpus luteum hyperplasia has been seen on rare occasions, 
neurofibromas of the ear have been seen twice and necrosis of the tip of the 
renal pyramid has never been seen. 

In tho second group of lesions for which ergot is partly responsible ore 
calcified renal tubular walls and tubular costs, most numerous around the 
corticomedullary junction and perhaps focal hyperplasia of the squamous 
epithelium of the proventn cuius (forestomach) In the third group resulting 
from certain nutritional inadequacies, are fatty degeneration of the liver testic 
uiar and general visceral atrophy brown pigmentation of the uterus and focal 
myodegeneration The last two of these together with a certain portion of the 
testicular atrophy and perhaps to some extent tho focal squamous epithelial 
hyperplasia m tho stomach probably represent a vitamin E deficiency with 
a quite typical histologic picture The fatty degeneration of the liver was 
noted only m the groups on low protein diets was almost as pronounced In 
control as in treated rats and is a typical low protein dietarv lesion in rata The 
testicular atrophy was greatest in tho groups with evidences of E-deficiency 
otherwise tho rather slight degree present could bo accounted for bv low dietary 
protein ergot toxicity and old age 

The tumors of tho ears have all been neurofibromas of a uniform gross and 
microscopic appearance They have usually been multiple with individual 
tumors as large as 1 2 cm in diameter although the usual diameter was from 
4 to 0 mm and microscopically they have often shown nuclear palisading (figs 
1 and 2) Detailed histological description and similar photographs have 
already been published (10) and therefore the details will not be repeated hero 
These tumor* have not occurred elsewhere in rats fed ergot except on the tails 
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of too animals and a questionably significant example on the gluteal region 
of another rat, in each of these three instances neurofibromas were also present 
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6 % plain 

18 

17 

4-4-4- 

4-4- 

+ + + 

0 

0 

4- to 4-4- 

4-4- 

■ 

2 % plain 

18 

8 

H — t* 

4-4- 

4-4- 

0 

0 

4-4- 

4- 

M 

1 % plain 

18 

2 

4-4- 

4- 

4-4-4- 


0 

4- to 4-4- 

4- to 4-4- 

MM 

Control 

18 

0 



4- 


0 

4- to 4-4- 

4- to 4-4- 



First series— high protein diet 
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In above columns 4z ** very slight, 4- ~ slight, +4- «■ modernto, 4-4-4- ** marked, 
4 -.p 4 . 4 - a extreme degree of involvement, sec - sectioned 
* Slight central necrosis of the liver was present in this group 

t It is possible that the first few car tumors were not noticed until such time ns mo 
became clearly evident Only 6 rats of tins group wero studied microscopically, the 
smallest number of any group, because many died before the Inst 0 months of the o\peri 
ment, when a pathologist became available, therefore some examples of necrosis of the 
renal papilla could have been missed 


on the cars There hate been no mctastascs of the tumors The tumors re 
grossed when the feeding of ergot was stopped and resumed growth when it was 
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begun again a behavior similar to that of certain other Induced tumors (17) 
It will be noted from table 3 that on a 5% dosage the incidence of ear tumors in 
the three different groups of rate wined from 30% to 0i%, This difference 
may be duo to one of sen erol factor* or their combination — length of life dif 
ferencea m diet and the fact that a different lot of ergot was used for the fraction 
atron study than for the other groups The last variable lias demonstrated that 
the occurrence of car tumors with the first lot of cigot a composite of several 
samples was not a peculiar or unique circumstance and thnt the tumors are 
reproducible in our rats with different lots of ergot Of the 40 animals with 
neurofibromas of the ears 37 belonged to groups of rats consisting of equal 
numbers of each eex 24 of these were female and 13 male a female preponderance 
which is significant as shown by a p v alue of 03 The earliest tumor was noted 
after 0 months on experiment in the second senes. No neurofibromas occurred 
in tho controls 
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Fio 1 Gross ArrEAiuvcv or Hat Ear Tcuons Ikdiced »t Feeding Eboot 

The tumorigemc potency of the ergot seems to have extended beyond tho 
production of a specific tumor The various spontaneous tumors of our rats 
moetlv malignant in type and of which the commonest arc lymphosarcoma of 
the lung and embry onal sarcoma of tho ladne\ w ere about doubled m incidence 
in tho ergot fed rats (p -» 02o) Vmong the 218 treated rats 50 had some form 
of spontaneous tumor while 8 of the 74 controls were so affected In connection 
with this apparent high incidence of spontaneous tumors it must be remembered 
tliat the great majontv of these rata were from 18 to 24 months of age at tho tune 
of death 

The renal papillary necrosis is a peculiar legion The lower one-sixth to 
one-third of the renal mcduJlan pyramid was uniformly necrotic with a rd 
atively sharp transverse demarcation The earliest rtagcw noted have been 
uniform necroses of greater or lever completeness with a moderate accumulation 
of leukocvtcs at the line of demarcation nnd verv few of them in the interior of 
the necrotic area. In the inter stages focal calcification and fibrosis were present 
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In those animals that did not show the lemon the lower end of the pyramid was 
not particularly abnormal 2\o vascular changes have been noted in the kidney 
or elsewhere Equally damaged kidneys in other senes of rats hav o not shown 
pyramidal necrosis The lesion did not occur in the rats receiving ergot oU or 
ergotoxme so that some other fraction of the crude ergot must be responsible 
Gorer (18) noted this lesion ns a spontaneous one in certain mice and stated 
that the origin was obscure His figure 8 a typical of the condition as seen m our 
rats Very recently Dunn (19) also described this condition in mice and stated 
that it was preceded bv amyloidosis For our rats this does not hold true 
Borland and Jackson (20) describe a somewhat similar condition in rata on a 
stnctly fat free diet with no direct statement concerning the pathogenesis 
their figure 4 Illustrates tho condition In about half the instances which we 
observed the lesions were relatively recent whilo in the other half they were 
relatively old that is recovery appeared possible and tho lesion appeared 
compatible with life It was usually but not always bilateral Also it was 
usually but not always associated with tho presence of calcified tubular casts 
Both of these lesions were noted os earlj as 3 months after beginning feeding of 
ergot 

Tlio enlargement of the ovaries was caused almost entirely by corpus Iuteum 
hyperplasia the follicles and interstitial cells were relatively far less prominent 
than usual 'Whereas tho ovaries of the control rats measured around 6x4x2 
or 3 mm , the ovaries of the ergotited rats measured as much as 10 x 8 x 5 mm 
which would mean roughlj an eightfold increase in volume, an estimated three- 
or four fold Increase was most common The corpora lutes were usually in 
some stage of hyalmixation or fibrosis The hypophysis was not examined 
The uterus never showed proliferative change* The ovarian enlargement was 
not seen in rats treated for less than 17$ months it was present in 41 of the 119 
female experimental rats and in one of the 37 female controls 

In the three preceding paragraphs there have been discussed tho lesions 
specifically caused by ergot in this experimental stud} Two further lesions 
calcified renal tubular casts and testicular ntrophj were in this study partially 
related to the administration of ergot since they occurred in the treated animals 
to a greater extent than In the controls Calcified tubular casts ’ a to some 
extent a term of convenience since in addition to calcification of the tubular 
contents the tubular epithelial cells and sometimes the tubular basement mem 
brane were calcified The majority of the caste were found in the region of the 
corticoracdullary Junction with the smaller portion scattered elsewhere in the 
cortex and medulla. Cortical fibrosis and tubular atrophy were often prominent 
in the fractionation series in the second series however the> were surprisingly 
slight, although the other renal lesions were not much less severe The dif 
fercnee is probabl} related to the greater nutritional deficiency in the fraction 
ation group Calcified tubular casta in tho region of the cort loomed ullnry 
junction with little other damage to tho kidney have been seen as a result of 
the feeding of other substances such as sulfite and quinaenne. 

Squamous epithelial hyperplasia in the forest omach or proventnculus was 
focal in character and occurred chiefi} near the junction with the glandular 
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portion of the stomach Microscopieallv there was hv perXeratosi^, thickening 
of the stratum ^pino^um with Might to moderate doungrowth, and Romehrac** 
subacute inflammntorv cellular infiltration in the adjacent submueosa 0 c 
casionallv large epithelial pearls were fonncd, which slight]} bulged the serosa 
Our impression is that this lesion, while caused to some extent by vitamin E 
deficienc} , is brought out in gieatei measure if a toxicant or further dietan 
deficiency is present We ha\e seen it in well developed form in several dozen 
rats suffering from vitamin E deficiency and at the same time being fed cadmium, 
it was less pronounced in a group on an E-deficient diet without cadmium, and 
it did not develop m rats receiving cadmium and an E-adequate diet Some of 
the more marked examples of this change appear to have been regarded ns 
gastric carcinoma in the past (22) 

The following four changes had little 01 no connection with ergot m tbs 
study Brown pigmentation of the uterus typical of that seen m vitamin D 
deficiency (23) was present in moderate degree m both the control and test 
animals in the fractionation group, it was noted after 19 months The only 
difference between the diet of this group and that of the previous senes was the 
replacement of the 5% powdered whole li\ er with an increase of 3% in the casein 
and of 2% m the starch content Testicular tubular atrophy was slight in 
degree m the two senes on adequate diets, and this slight atrophy' is under 
standable m view of the age of the rats when examined, and also m view of a 
possible slight toxic effect of ergot on the testis In the second senes the low 
dietary protein added to the degree of atrophy, and in the fractionation senes 
with an apparent E deficency in addition to the low protein, the atrophy was of 
quite high grade Ergot per se caused but little atrophy, as may lie seen by 
comparison of control and test groups in table 3 The interstitial cells showed 
no changes of note 

Fatty degeneration of the In er w as not present in the groups on a high protein 
diet, and was slight to moderate m the others, in both control and treated animals 
In the defatted ergot group there was slight centrolobular necrosis rather than 
fatty' degeneration Focal necrosis and replacement fibrosis in the hind leg 
muscles (other muscles were not studied) was not seen except m the fractionation 
senes, and here it appeared equal in control and treated animals Ibis finding, 
together with the increased testicular atrophy and especially the brown pig- 
mentation of the uterus, pointed to a vitamin E deficiency (23) 

On the negative side, it is worthy of note that no vascular lesions whatever 
were seen beyond those spontaneously present m the controls If vascular 
changes had anything to do with the ear tumors or the renal papillary necrosis, 
they were probably functional and not anatomical The amount of ergotamine 
m the 5% feeding level was much less than the minimal amount required to 
produce peripheral gangrene m the rat (24) 

Discussion As shown by Johnson and Palmer (C) ergot has a marked effort 
upon the payability of a ration Tbs factor, in all probability , is nn important 
factor in the reduced growth rate observ ed in the rats on the higher concentrations 
of ergot The paired expenmen ts of the above authors, however, showed con- 
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clumvcly that ergot retards growth o\er and above onv effect upon food con 
sumption If the animat does not succumb to chronic orgotisra early in the 
experimental pc nod there is a tendency for the distostefulncss to bo overcome 
and the growth rate approaches the normal This is demonstrated by tho re 
fusnl of weanling rata to eat a ration containing 6% ergot on the other hand if 
they are first placed on a lower concentration for a short tune they will eat a 
ration with tho higher concentration. 

The fractionation study although limited gives ov idence concerning a number 
of differences between tho fractions as will be seen by studying table 3 Ergot 
oil alcmc did not causo neurofibromas of the ears and ergotoxine alone was less 
nctive in this respect than either crude ergot or dofatted ergot. The fact that 
ergot oil did not cause neurofibromas indicates that the various steroids m ergot, 
presumably included in tho petroleum ether extract were not the responsible 
agent in their production A clear-cut difference between crude and defatted 
ergot on the one hand and ergotoxino and ergot oil on the other was seen m tho 
incidence of necrosis and calcification of the renal papillae Enlargement of the 
o\ ancs howev er, was about the same m all four ergot groups. 

In tills laboratory many dozens of substances such as coal tar colors, organic 
solvents inorganic chemical preservatives, etc havo been fed to rats in the 
same manner as was ergot Although a number of distinctive lemons such as 
cirrhosis of the li\ er bladder stones etc have been produced by chrome feeding 
tho three lesions described in this paper os specific for ergot have not been seen, 
with tho exception of very rare spontaneous instances after feeding any of these 
other numerous substances and ergot has been the only substance to produce 
such a variety of lesions The latter fact is undoubtedly explained by the 
greater complexity of ergot 

SUMMARY 

1 Rata fed powdered crudo ergot m an adequate or low protein diet at 
concentrations of 1 2 and 5% showed toxic effects 

2. Ergot retarded the growth rate of rats This e fleet was more pronounced 
in male animals dunng the early growing penod With an adequate diet tho 
1 and 2% of ergot did not retard the growth of tho female animals. On a low 
protein diet the growth rates except for those of the female rats on the 1% 
ergot were significantly different from the controls. 

3 Histologirally typical neurofibromas were produced on the cars of a high 
percentage of rats fed 5% of ergot The tumor occurred less frequently on tho 
level of 2% of ergot rarely on a level of 1 % and did not occur in the controls 
A low protein diet somewhat favored the production of ear tumors. Tumors 
other than neurofibroma of the ear occur spontaneously m our older rats and 
tho incidence of the?© was about doubled in those rats fed ergot 

4 Two other lemons necrosis and calcification of tho lower ends of the renal 
pyramids and corpus Iutcum hvperplama of the ovaries were frequently caused 
by feed mg of tho ergot 

5 \o cutaneous gangrene and no vascular lesions attributable to ergot were 
observed 
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6 In a fractionation study whole ergot was less toxic than defatted ergot 
Ergot oil caused little, or no, to\icity 

7 There is an indication that the alkaloid ergotoxine may be slightly toxic 
m the amount found m 5% of ergot It shghtly retarded the growth rate of 
rats during the early period 

8 The exact constituent of the crude ergot responsible for the tumor pro 
duction is not known The fact cannot be ignored that one rat on the ergotoxino 
did develop a typical neurofibroma of the ear 
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The intact bLid as an integument for the organism presents a relatively effcctn e 
barrier to the penetration of many substances However studies m the field 
of cutaneous absorption indicate that the skin ts permeable m some degree to 
a groat variety of compounds. With m crease in medical chemical and technical 
knowlc«dgo, there has been introduced a large number of now compounds for 
Incorporation into preparations for topical application In addition to m 
grcdients of therapeutic or cosmetic value many preparations for cutaneous 
application contain surface activo (wetting) agents which are capable of altering 
the physical surfaoo relationships between the absorbing medium (skin) and 
the substance to be absorbed For some time this laboratory has been atudymg 
the local toxicity to akin and mucous membranes (the functional changes as 
well as the organic lesions) and the systemic toxicity resulting from penetration 
through the akin of a large number of organic and a few inorganic compounds 
These studies Iiave led to tbo development of new methods the extension of 
older ones, and tho development of new procedures for the evaluation of results. 

In connection with the evaluation of results and their extension to recora 
raendationa for large segments of the population the fact is often overlooked 
that small differences observed experimental!) if real become important be 
cause of tho large numbers involved For this and other reasons ire hare used 
considerable care in planning experiments to avoid bias and as for as possible 
to pre\ ent those variations dne to differences between animals time temperature 
humidity etc from contributing excessn el> to the error inherent In quantitative 
biological experimentation Bias of judgment in the assignment of numerical 
values to obacrv ed physiological phenomena although entirely unintentional on 
tho part of the observer can greatly influence the e\ aluation of on experiment 
Such bias is minimi ted if the observer is unaware of tho nature of the individual 
treatments of the lesions and if these treatments are arranged in a balanced 
design. In addition a properly designed experiment makes possible the use of 
statistical procedures which may later be desired 

In order to transform qualitative observations of physiological effects to 
reasonably quantitative objective measurements and in order to obtain data 
easfl) subject to arithmetical interpretation wo have applied the pnneiplo of 
assigning numerical values to physiological phenomena An excellent example 
of this principle which consists esscntlall) of dividing the overall effect Into 
distinct dements the extent or seriousness of which ma> easily bo graded Is 
377 
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given by Fnedenwald, Hughe? and Herrmann (1) for the objective measurement 
of injuries to rabbit eyes We have modified their interpretation slightly and 
have extended the same principle to the evaluation of other philological effects 
The elements m such a method must be ass lg ned values and weights which 
properly represent their contribution to the overall picture Because of the 
interest manifest in these technics and procedures during many discussions we 
are presenting detailed descriptions of those vv e consider mast useful m the evalu- 
ation of the relative toxicities of liquids, solids, or solutions topically applied 
These include the determination of systemic toxicity follow mg single and multiple 
dose applications to the shin of different species of animals, pnmaiy irritation 
to the skin and the mucous membranes of the eye and penis of the rabbit, 
sensitization of the skm of the white male guinea pig, and primary irritation of 
the skin of man From the data obtained in these tests, along with that ob- 



Fig 1 The sleeves are for the animals indicated The screen is the sue used for tho 
rabbit 


tamed by histopathologic examination, chemical studies, physiological function 
tests, and by the administration of the substance by other routes (2, 3), an 
evaluation of the extent of injury and of the prognosis for repair may be made 
After consideration of species differences and an allowance for a margin of 
safety, the amount, concentration, and frequency of application that mav be 
tolerated by man can be estimated Some lUustratn e data are also presented 
Procedures Aeule Touchy In the acute experiments the agent is held 
in contact with the skm by means of a rubber sleeve The sleeve made from 
rubber dam has been found v ery satisfactory It is so constructed that the ends, 
reinforced with an additional strip of dam {sec fig 1), fit snugly around the trunk 
of the animal The ends are tucked, permitting the central portion to balloon 
and furnish a reserv oir for the dose The reserv mr must hav e sufficient capac.lv 
to contain the dose without pressure In table 1 are given the dimensions of 
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sleeves for several species of animals and the approximate hod\ surfaces exposed 
to the test substance The sleeves may van to accommodate smaller or larger 
subjects of a given aperies 

Pnor to exposure the subjects arc prepared by clipping the shin of the trunk 
free of hair Approxlmatch half of the animals are further prepared by making 
epidermal abrasions longitudinally over tho area of exposure tiro centimeters 
apart Dcpilation or shaving causes sufficient disturbance of the stratum 
comcum so that a 24 hour penod is necessary for the recovery of the skin before 
exposure to the agent Clipping the hair with small animal chppcrn is preferred 
since the intact skin remains undisturbed In testing some preparations the 
skin of some animals is moistened with physiological saline pnor to exposure 
and covered 

The sleeve is slipped onto the animal which w then placed In a comfortable 
but immobilised position in a multiple animal holder (4) as is illustrated in 
fig 2 The doses of liquids and solutions are calculated on tho Imisis of Ixxly 


TABLE 1 

Dimension* of slerrrs for eartovi small labaratorg animals 


AVI U. 

imiri HifT w cmucRXM 

*ju»cx or wt or 
nnuA 

*m*a AJtr\ 
or tXHNm 

h*cwtm or 

TO At 

«V» ACt 

r>W*H*r t cod* 

kaftW 




[rrmi 

n». 


Mouse 

*» 6 

4 5 

20-35 

0 

8 0 


•1 6 

9 0 

200-350 

90 

23 4 

Guinea pif 

6 0 

10 5 

500- <50 

00 

14 5 

Babbit 

7 0 

12 5 

2 500-3 500 

210 

10 - 

Dor 

9 0 

12 6 

4 000-0 oon 

500 

ID 0 


Tho ▼aluc>» in tbit column ore for the animala in the middle of the body weight range* 
given The calculation* were mode by Mceh t formula (Q Lusk The Science of Nutrition 
p 122 3 4th Ed 1028 W B Blunders Co Phils.) 


weight and introduced under the sleeve Preliminary dose ranges of 3 9 0 0 
and 9 4 mL/kgm arc employ’ed The 3 9 and 9 4 figures represent the antilog 
arithms of 0 75 and 1 25 times the logarithm of C 0 Ilxposurca to tho agent 
ore for 24 hours If there is slight leakage from the sleeve which occasionally 
does occur during the first few hours it is collected m a glass receptacle and 
reapplied A sufficient number of animals at different dosage lev els arc used so 
that it Is po<«iblo to calculate the do*e which will be fatal to a glv cn percentage 
of tho animals This con be determined from the mortality ratios obtained 
at tho various doses (6) The dose which giv c* a 50-pcr cent mortality (I D 50) 
Is the one usually calculated An analysis of the data enable one to determine 
the slope of the dosage- response rune as well as the probable error of a gi\en 
determination 

In the testing of materials with unctuous characteristics which odhere readily 
to the skin a 20-mcsh wire screen is usually employ cd instead of the rubber sleeve 
(fig 1) The screen is padded os illustrated and is raised approximately 2 cm 
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from the exposed shin It is constructed for the v anous ammnl species so that 
the same percentage of bod} areas are exposed as vv ith the sleev cs The animals 
are prepared m the same manner as in the exposures vwth the sleeves In the 
case of finely dmded amorphous or crystalline solids the material is first evenly 
distributed on a strip of gauze uhich is then secured over the area of exposure 
The sleev e is fitted o\ er the gauze In the case of unctuous materials and solids 
the maximum dose vv e have used is 4 grams per kilogram 
At the end of the 24-hour period of exposure the sleev es or screens are remo\ ed, 
the x olume of unabsorbed dose of hquids and solutions, if anv , is measured, 
and the skin reactions are noted immediately The subjects are checked for 



Fig 2 Illustrates the exposures m the multiple animal holder The do£ and one rabbit 
are covered with the sleeve ami the other rabbit with the padded screen 

gross symptoms and are transferred to an individual metabolism cage w here the} 
are obsen ed for a minimal period of tw o vv eeks Bod} weight, food consumption 
and gross symptoms of s}stemic effects are checked daily Unne is checked for 
the presence of protein, reducing substances, blood pigments, etc Obsen ntions 
for changes m blood morpholog} are made The tissues of animals uhich die 
several days after exposure and of those sacrificed because of severe poisoning 
are examined for histopatholog} 

Subacute toxicity Twenty-Day Experiments In these experiments re - 
ativel} large doses are applied daih bv inunction to an uncovered area of the 
clipped skin The size of the dose emplo}ed depends upon the data obtained 
m the exposures b } sleev e This ma} vary from 1 0 to C 0 or more ml /kgm /da} 
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The area inunctcd is approximately 10 per cent of the total surface of the animal 
The material is gently rubbed into the skm with a glass rod and this involves 
manipulation of the hair shafts and mild pressure The animals are observed 
for two weeks following the final exposure and the data on mortality ratios are 
treated statistically as in the acute toxicity experiments. Because of the time 
factor involved the average survival time of those animals which succumb 
during the 5-week period furnishes additional data. The repetition of these 
doses yields valuable information on the action of the agents on the skin as 
well as progressive systemic effects. In some cases there is a progressive de- 
terioration of the skin so that it becomes a less effective barrier os the doses are 
repeated In other cases the agent may produce a mummification or co gu 
l&tive effect on the akin so that absorption is retarded. 

The same observations and test on the subjects are made as In the acute ex 
pe rim exits. The unne and blood are analyxed as abov e, and microscopic exomi 
nation of tissues made of the severely poisoned subjects 

Ninety- Day Experiments In these experiments dosage levels of 0 5 10 
2.0 and 4 0 mL/kgm are applied daily for a 90-day period to the dipped intact 
skin of the animals. The areas inuncted are measured so that approximately ten 
per cent of the entire body surface is treated The experiment is similar to the 
20-day experiment except that the longer period of treatment with lower dosage 
levels permits tho study of agents which may produce progressive deterioration 
m the animal. The same observations and testa are made as in the above ex 
penmen t*. In addition tests are made to ascertain whether there is impairment 
in physiological function of liver or kidney Special emphasia is placed on 
blood morphology to ascertain the possible effect of the agent on the hemopoietic 
organs or on the blood itself The tissues of nil animals on these experiments are 
examined for histopathologic changes. 

The toxicity of more than 200 compounds and preparations intended for 
topical akin application hav e been studied in this manner m our laboratory during 
the past three years A portion of the toxicity figures for seven compounds 
studied are given in table 2 It will be noted that there are represented com 
pounds which are very different in chemical nature. 

The data m table 2 indicate that compounds differing widely in ch emi cal 
stmeturo and behavior may bo readily absorbed by the skm. There does not 
appear to be a constant ratio between toxicities by oral and topical administration 
of compounds It will be noted also that cert am compounds although but slightly 
toxic as judged by acute exposure (skin) may upon repeated exposure (20- or 
B0-day r ) be severely damaging Compounds which behave in this manner often 
do not cause gross slon changes at the first exposure but produce severe skin 
changes upon repeated exposures The skin injuries mngc from mild dermatitis 
to complete necrosis and desquamation The regenerated elan as a rule is 
mom resistant to the future action of a given compound 

The rate of penetration of tlic compound into the akin and the imtant effects 
noted following both the single and repeated applications comprise a portion 
of tho information obtained in these experiments. 
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Primary irritation Animal Skin In addition to the obscrx ations on 
primary lrntation described aboxe, the following patch test technic is iml to 
measure tins quality more precisely The intact and abraded skm of the albino 
rabbit is used The hair is clipped from the back and flanks of the animal Four 
areas of the back, indicated in figure 3, placed approximately ten centimeters 
apart, are designated for the position of the patches Yrens 2 and 3 arc abraded 
by making four epidermal incisions (two perpendicular to two others in the area 
of the patch) The patches consist of two layers of light gauze cut in squares 
(2 5 cm on the side) These are secured to the area by thin bands of adhe- 
sive tape The material to be tested is introduced under the patch, 0 5 ml in 
the case of liquids or 0 5 grams m the case of solids The entire trunk of the 
rabbit is wrapped in rubberized cloth (see fig 3) This helps to hold the patches 


TABLE 2 

Toxicity of some organic compounds for the rabbit 


CDHPOUHD 



LDm 


Oral (acute) 

Skin (acute) 

Skin 90-day inunction* 

1 Diethylcne glycol monobutyl 

ml /him 

ml /kt* 

ml /Jk[m 

ether acetate 

2 6 

6 75 

3 

2 2 -ethyl hexonediol 1,3 

2 0 

10 0 

2 

3 2-ethyl butanol 

1 2 

2 0 


4 Dimethyl phthalato 

5 Dimethyl gamma pyronobutyl- 

4 4 

10 

4 

cstor 

6 3 

10 

2 

6 Isobomyl thiocyanoacetate 

7 Beta butoxy beta thiocyanodi 

0 63 

10± 

1 0 ml /hgm causes death 
in all subjects from 5 
doses 

ethyl ether 

0 035 

0 15-0 25 

0 10 ml /hgm causes 
death in all subjecls 
from 8 doses 


m position and retards ex aporation of volatile substances during the 24 hours of 
exposure Four compounds are commonly tested per senes of six subjects 
A given compound is applied so that there are threo applications to intact skin 
and three to abraded skm The sites are assigned as illustrated in figure 4 

The animals are immobilized m the special holder dunng the 24 hour patch 
exposure Upon removal of the patches the resulting reactions are exaluated 
on the basis of a scale of weighted scores (table 3) Readings are made also 
after 72 hours and the final score represents an axerage of the 24- and t2 hour 
readings 

The table of scores (table 3) gives no x allies for agents which are sex ere x - 
, cants or sex ere escharotics When such agents are encountered dilute solu- 
tions m a bland nomrntating solx ent are tested Sufficient dilution is made so 
that the responses elicited may lie graded by the abox c scale 
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As a rule substances which produce a score of two or less at 24 hours become 
negntn e 1 e are completely healed before tho 72 hour reading In table 4 
the scores are given for six undiluted organic compounds and one 2% solution 
The avornges of tho 24- and 72 hour scores for the intact and for the nbmded 
sldii, os well as a combined average arc shown m the table The combined 
average is referred to m this laboratory as the primary irritation index and 
is useful for placing compounds in general groups with reference to their irritant 
properties It should however be kept in mind that without the raduidiral 




Fia 3 The epidermal abraaiona wade m Area* 2 and 3 arc thomT! In 1 (Upper left) and 
the relative position of the patch** U ahnirn in n (Upper nilit) A group of fix rabbit* 
covered by the rubberized cloth and In the procca* of expoaurr in illustrated in 3 (Bottom) 


data the primary irritation index ls not in some instances completely infor 
mntivc 

Compounds producing combined at c rages (primary Irritation indexes) of 2 
or less are only mildly irritating whereas those with radices from 2-5 are moderate 
irritants and those nbo\c 0 are considered severe irritants 

tmmai 1/tieou# Membrane Irritation of mucous membranes is measured 
on the rabbit s o\e and penis In tlie ease of tlic penile mucosa the proportion 
1s applied so tlrnt thorough wetting is attained Approximately 0 2 ml of the 




384 


J H DRAIZE, G WOODARD AND H O CALVERT 



TABLE 3 

Evaluation of skm reaction* 


A Erythema and Eschar Formation 

Very slight erythema (barely perceptible) 1 

Well defined erythema 2 

Moderate to severe erythema 3 

Severe erythema (beet redness) to slight eschar formation (injuries in depth) 1 


Total possible erythema score 4 


B Edema Formation 

Very slight edema (barely perceptible) 1 

Slight edema (edges of area well defined by definite rnising) 2 

Moderate edema (area raised approximately 1 mm ) 3 

Severe edema (raised more than 1 mm and extending beyond area of exposure) -1 


Total possible edema score 

4 

Total possible score for primary irritation 

8 


preparation is required The erythema and edema are evaluated on a basis of 
weighted scores which total up to 4 for the most severe injuries, that is, the 
varying degrees of erythema and edma maj each hate a possible score of 2 
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If a preparation is found sufficiently irritating to cause necrosis and sloughing of 
the mucosa the agent is reapplied in sufficient dilution bo that the resulting 
injuries total a score of 4 or less. Reactions are usually road at 1-2 and 24 
hours after application Illustrative data are given in table 6 


TABLE 4 

Seortt for primary irritation 


ecu rococo 

Bxsarms 


IctftCt | 

AbrWcd 

H bn. 

72 ha. 

21 ha. 

72 ha. 

Diethyleoe glycol mono- 

0 

0 

0 

0 


ethyl ether 

2 

0 

0 

0 



0 

0 

4 

0 


Avenge 

0 

a 

0 

7 

0 6 

2 methyl 2 4 pentanediol 

4 

2 

4 

3 



3 

0 

4 

1 



0 

1 

2 

1 


Avenge 

1 

7 

2 

5 

2 1 

Dioctyl sodium aulfoauo- 

4 

7 

4 

1 


rioftte (2% aqueous 

3 

2 

1 

0 


solution) 

4 

2 

3 

1 


Average 

3 

7 

1 

7 

2 7 

2 ethyl butyl glyceryl 

4 

6 

4 

4 


ether 

3 

0 

5 

4 



6 

2 

6 

4 


Avers go 

j 3 5 

4 

fi 

4 0 

4 pheByl-3-oxapentanol 

4 

4 

4 

0 


1 

3 

I 

8 




5 i 

C 

8 1 

8 


Average 

3 

7 

7 

0 

5 0 

3 3 5 trimethyl ay do- 

0 

0 

5 

7 


hexyl dlpropylene gly 

4 

8 

0 

8 


col 

3 

3 

fl 

8 


Average 

5 

0 

0 

7 

6 8 

3 0 dioxsdodecsnol 1 

7 ! 

i R 

B | 

B 



8 

8 

8 ! 

8 



8 

8 

0 

1 0 


Average 

8 0 

; 7 3 ! 

7 0 


In the measure of injury to the eye a modification of the scoring system of 
Fneden>vnld Ilughes and Herrmann (1) is used Injuries to the cornea, con 
junctivat and palpebral mucosae and the ins are scored sejwratclv In testing 
the materials (liquids solutions and ointments) 0 1 ml Is mstiDcd In the con 
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junctnal sac Readings are usually made at 1, 24, and 48 Lours after instil- 
lation of the agent into the eye and arc ei aluated according to table 6 Readings 
are also made after 90 hours if residual injury is present Illustmtne data are 
gnen in table 7 

Human Skin When a large senes of compounds is lrnohcd it is most ex- 
pedient to use experimental animals m making screening tests for pnmnrx ir- 
ntation After the majority of compounds hax e been discarded m the screening 
tests, the feu remaining must be tested on man for final ex aluation Moreoi er, 
a correlation of animal with human data thus made possible is a measure of 
reliability or apphcability of the animal tests 
The use of the patch test m the evaluation of pnmnry lrntation and of contact 
dermatitis has been reviewed by Schu artz and Peck (6) Wo ha\ e found similar 
patch tests to he valuable m the comparable assay of the lrntation of \anous 
ointments and solvents The general procedure is as follous Tuo to six 

TABLE 5 


Irritation of the penile mucosa in rabbits 


60B STANCE 

C0XCXNTIAT20V 

AVZtAGZ tZAVISO 

1-2 hoar* j 2*- hour* 

Propylene glycol 

15% 


WBm 

Ethylene glycol 

15% 


HU - 

l-(p-arscnosophonyl) urea 

2% in propvl 


HUM 


ene gly col 



Alkyl dimethyl benzyl ammonium chlo 




nde 

0 2% 



Alkyl dimethyl benzyl ammonium chlo 




nde 

2 0% 

2 5 

4 0 

Dioctyl sodium sulfoauccmate 

2 0% 


1 0 

Dioctyl sodium Bulfosuccinate 

10 0% 

2 0 | 

2 0 


substances are chosen for testing with one of these sen ing as an arbitrary stand- 
ard of reference Discs of surgical gauze 1 cm in diameter are treated with 
0 1 ml of the respective ointments or liquids, then placed at random on the 
interior surface of either upper arm and coiercd with glos=me paper and nd- 
hesne patches Three samples can be placed on each arm with ease After 
a suitable time interval, usually 24 hours, the patches are rcmoied and the sites 
cleaned with ether or acetone After allowing 15-20 minutes for any irritation 
due to the cleansing to subside, readings are made according to the '-calc employ ed 
in the rabbit patch tests 

Sensitization That eczematous sensitization or contact dermatitis to 
simple compounds can occur in human beings has been adequately shown (7) 
The human skm is easily sensitized to such simple compounds as 2,4-dmitro 
chlorobenzene and mtrosodimethy lamline and less easily to certain coal tar colors 
(7) The question of whether new compounds ha\ e sensitizing properties mw 
become ten important especially when the preparation is to be used on tl.c 
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face or when tpecialixetl or ehUled procedures may be interfered with because 
of slight discomfort such as itching resulting from an acquired sensitivity 
The ideal test subject for the determination of scnsiti ration to a compound is 
man but the use of such subject is usually neither wise nor expedient The 

TABLt 8 

Seale of irttghled *c«n for grarltng Ou irmi/y of ocular Unrm* 

I Cornea 

A Opacity — Degree of Density (area which 1* moat dense U taken for reading) 


Scattered or diffuse area — detail* of Ins clearly visible 1 

Easily discernible translucent areas details of iris slightly ohecured 2 

Opoleseent arena no details of Iri# visible slxe of pupil barelj diacemlble 3 
Opaque ins invisible 4 

B Area of Cornea Involved 

One quarter (or leas) but not rcro I 

Greater than one quarter — less than one half 2 

Greater than one half lest thun three quart era 3 

Greater than three quartern up to whole area 4 

Score equal* AX BXJ Total maximum — SO 


11 Ida 

A Value* 

Folds above normal congestion swelling rlrcumcorneal injection (snv one or 
all of these or combination or any thereof) Ina atill reacting to light (slugghh 
reaction is positive) 1 

No reaction to light heroorrlisge proes destruction (any one or all of these) 2 
Score equals \ X 5 Total possible maximum - 10 


III Conjnncllvac 

\ Redness (refers to palpebral conjunctlvae only) 

\ essels definitely Injected abovo normal I 

More diffuso deeper crimson red individual \esscls not easilj diseemil lo 2 
Diffuse beefy red 3 

B Cbemoais 

Any swelling above normal (include* nictitating racmhrnne) 1 

Obnoua swelling mitt partial eversion of ihp lids 2 

Swelling with lids almut half closed 3 

Swelling with lids about half closed to completely closed 4 

C Discharge 

^ny amount difformt from normal (doe* not Include email amount observed In 
Inner canthu* of normal animals) 1 

Discharge with moistening of the lids and hair* Ju*t adjacent to the lids 2 

Discharge with moistening of the lids and considerable area around the eye 3 

Score (A + D + ( ) X 2 Total maximum ** °0 


The maximum total score is the sum of all r cores obtained for the come* ins and 

conjunctive 

white male guinea pig luw been shown by I andsteiner and Jnrolr* (8) to lie a 
reasonably eatiafaeton tod animal The procedure u^l in this lalxiraton 
h nmilar to tlmt useil by these Inte^tigntom and is ft.* follow* 

White mail guinoi pigs weighing 325 to 460 gnurH tnibsrdmg on comrercial 
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rabbit pellet ration supplemented with kale are identified and the hair remou-d 
from the back by close clipping A 01% solution or suspension m water of the 
material to be tested is injected mtracutnneously using a 26 gauge needle The 
injections are made every other day or three times weekly until a total of ten 
have been made The 10 sensitizing injections are made at random in an area 
about three to four centimeters square just below the midhne of the back The 
test injection is made on the flank slightly below the sensitizing area The 
first injection consists of 0 05 ml w hile the remaining injections consist of 0 1 ml 
Two v eehs after the tenth injection a test injection is made using 0 05 ml of a 
freshly prepared solution or suspension as before Twenty-four hours later a 
reading of the diameter, height, and color of reaction is made and compared with 
similar readings taken after the first injection If the i allies for the test readings 
are appreciably higher than those for the initial readings the substances can be 


TABLE 7 

Eye imtalwn tn rabbits 


ItfBSTAKO: 

COWtXimtATICtt 

AVERAGE EYE W/TOY 


I boar 

14 hour* 

Diethyl phthnlate 

Undiluted 

3 2 

1 5 

Dimethyl phthnlate 

Undiluted 

3 3 

2 2 

Tnacetm 

Undiluted 

2 1 

1 6 

Propylene glycol 

Undiluted 

4 8 

I 0 

Ethylene glj col 

Undiluted 

G 0 

! 3 2 

Ethylene glycol diethyl ether 

Undiluted 

11 0 

13 2 

Dioctyl sodtum sulfosuccinnte 

0 5% 

4 0 

2 0 

Dioctyl sodium sulfo3uecinnte 

2 0% 

9 0 

2 0 

Dioctyl Bodium eulfosuccmate 

20 0% 

20 0 

24 0 

Propylene glycol 

15% 

0 

0 

Ethylene glycol 

15% 

0 

0 

l-(p areenosophenyl) urea 

2% in propyl 
enc gljcol 

4 0 

3 0 


said to have produced sensitization The degree of sensitization js proportional 

in part to the increase m those readings 
When dealing with powerful sensitizing agents simple applications or paintings 
of 0 05 ml of a 1 or 2% solution m some organic solvent such os eth\ 1 alcohol, 


n-hexyl alcohol, or acetone is sufficient to produce sensitization m guinea pigs 
A solution of 0 1% of the materia] in acetone is usually satisfactory for retest 
This procedure is not suitable, however, to produce a response with substances 
having only moderate or weak sensitizing properties 
Discussion and summary Some technics arc described for the study o 
the acute and subacute local and systemic toucities of substances applied 
5XS ,L »d mucous m«ubmn„ The teeta.e foe the dc.e— » 
of the local and systemic effects of large single dose applications may at find 
seem to have little practical application However, it should lie kep m 
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that industrial man\ organic liquids come in contnctwlth the shin accidentally 
or otherwise and cause systemic poiMinmg and c\en death Therapeutically 
it ma\ at times l>c advisable to make large-done applications to the ftkln so that 
if the relative rate of absorption and systemic effects of a preparation are known, 
the clinician can be advised of the necessary precautions The use of special 
holders sleeves Rnd screens permits large doses of an agrnt to remain in contact 
with the skin for appreciable periods of time and prevents the animal from in 
getting any portion of the dose during the exposure The buhccute experiments 
yield considerable information particularly with reference to irritation and 
injury to the skin following repeated application as well as histologic changes 
that raa> occur in the skin and in the internal organs and tissues These types 
of effects are rarely apparent following the singledose procedure 

The evaluation of primary irritants on animals has licen found useful for 
relativ e comparisons and for predicting the concentrations that mav be tolerated 
hj man Tho correlation between animals and man ts not complete since we 
find that there is an occasional reversal In most instances we find that the 
skin of the rabbit is os sensitive to primary irritants as that of man and that the 
relative order of irritation within a series of compounds is the same for the 
rabbit as for man Here also there are occasional reversals with respect to 
individual compounds 

Since Landstciner and Jacobs (8) showed that the white mole guinea pig is 
a suitable teat subject for skm sensitisation studies this animal has been quite 
extensively used In this laboratory we have tested several hundred substances 
during the past six yeare and feel that the results obtained on the guinea pig are 
extremely helpful in evaluating the relative potential scnsitlnng properties of 
a given compound when applied to the skin of man. B} this technic mild 
sensitising agents which will probably affect onl> a few individuals m a largo 
population can readil} bo distinguished from those strong sensitising agents 
which will affect a large proportion of the population 

The ideal test object for both primary' irritants and sensitising agents is the 
skm of man In the case of the former little if an\ nsk is run if tho substances 
aro first carefully tested on laboratory animals however m the case of the latter 
it may often be unwise and inexpedient to sensible on individual to compounds 
with which he maj later come in contact For some primary Irritants we hnvo 
used the patch test in man in order to compare the results with those obtained 
on animals. 

The numerical scoring system developed ty Fnedcnwald Hughes and Ilcrr 
mann (1) for the evaluation of primary irritants using the rabbit a eye has been 
tlightlv modified and the principle extended to the development of scoring 
systems applicable to tho evaluation of primary irritants on other mucous mem 
brancs and on the skm of animals and man The merits of such scoring systems 
arc presented Flnallj we have tried to indicate the usefulness as well as the 
limitations of the technics and procedures described in this paper for the tori 
cologic appraisal of a given compound or preparation intended for therapeutic, 
cosmetic or other topical use 
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CONCLUSIONS 

Valuable qualitative and quantitative information conrrming compounds and 
preparations intended for topical application can be obtained b\ the use of 
relatn eh simple procedures such ns those described In many instances some 
compounds and preparations can be recognized as unsafe following a few tests 
The remaining ones will requne much more complete imestigntion In these and 
other methods before a descision can be reached concerning the adusahihh of 
their use 

Grateful acknowledgement is made to Bert J Vos, Jr for mam suggestions 
in developing the grading systems and in the dc\elopment of the technic for 
estimation of the irritation of penile mucosa, to David W Fnssett for Ins eontn 
butions to the interpretation of injuries to the 03 e, and to Ruth B Lang and 
Virginia D Tohnson for valuable technical assistance 
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Previous studies (1 2 ) have indicated that following the intramuscular admin 
istmtion of gold compounds to the white rat gold is deposited chief!} in the liver 
and kidneys Cold appeared in both tho unne and feces with the more soluble 
compounds being excreted more rapidl} Studies in human subjects (3) however 
havo shown that gold may be present in the unne for as long as sixteen months 
following its intramuscular injection indicating a prolonged retention of the 
gold in the human bod> and its slow excretion even in tho case of tho more soluble 
compounds. Likewise the fact that gold was present in the plasma of human 
subjects for as long as fifteen months following its last injection indicates cither 
a vory slow absorption or a prolonged period during which the gold from the 
tissues slowl} passes into tlm blood stream for excretion 
For theso reasons it was considered of importance to Investigate the com 
partitive rate of absorption of gold following the intramuscular injections of 
various gold compounds m the white rat and the retention and excretion of gold 
ajler injections of the gold salts were discontinued 

Procedure. Six groups of eighteen white rats (ICO to 180 gms each) were 
emplojcd Each animal was given fourteen dail} intramuscular injections of 
1 rag. of gold A different gold compound (table I ) was administered to each 
group Thrco animals of each group wore decapitated on tho first, eighth 
fifteenth Iwent} ninth fift}-scicnth and eight} fifth da} after tho last in 
jeetion Tho tissues listed in table 1 as well as the blood plasna were anal}icd 
for total gold content according to tho method previous!} described (4 5) 
Results Tho amounts of gold per mg of tissue found at tho end of various 
lengths of timo after tho last injection are listed in tablo 1 Each of these values 
is tho average of the results obtained in three animals for each period The 
v anntion of individuals for each group of animals was no greater than 6 per cent. 
Tho amount of gold in tho heart and lungs is too small to bo of any great sigmf 
icon co but when present gold is retained for long periods in theso tissues Con 
stderabh more gold is present m the spleen in the case of all tho compounds and 
its retention m this organ is likewise prolonged. Tlie greatest percentage of 

1 The Raekham Arthritis Research Unit i* supported by tbo IT o race II Rsckh&m Bel ool 
of Graduate Studios of the University of Michigan 
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total administered gold was found in the liver and kidneys (table 2) In all 
instances the gold content of these organa decreases gradually after tbo eighth 
post-injection day yet considerable quantities are still present by the eighty 


TABLE 2 

RtUniton of gold in tariout tunet calculated at per cent of total injected gold 


CMOOC1C* 


1 

a 

13 

» 

IT 

as 



dtj 


i*7* 

Uyt 

4*Jl 

<L*r> 

Gold tod i urn 

Total body 

25 20 

17 90 

16 85 

13 05 

11 19 

11 05 

thlomalate 

Car can 

13 40 

7 44 

0 34 

6 16 

4 10 

6 27 


Kidney 

1 81 

2 90 

1 15 

0 78 

0 77 

0 36 


Li ret 

2 01 

1 57 

1 17 

0 GO 

1 29 

0 66 


Spleen 

0 28 

0 31 

0 24 

0 22 

0 21 

0 24 

Gold aodlucn 

Total body 

22 70 

18 50 

14 61 

12 45 

10 21 

8 95 

thloculf&te 

Care tea 

U GO 

8 57 

6 60 

6 11 

6 65 

6 34 


Kldnoy 

5 41 

5 17 

4 15 

2 81 

1 28 

0 87 


Lirer 

1 55 

2 08 

1 48 

1 65 

1 27 

1 27 


Spleen 

0 27 

0 44 

0 41 

0 30 

0 56 

0 35 

Sodium tuetlnl 

Total body 

7 55 

3 29 

3 29 

2 20 

2 41 

1 63 

ml do aurate 

Careaaa 

3 P 

1 64 

1 48 

0 61 

1 61 

1 09 


Kidney 

1 93 

1 20 

1 00 

0 70 

0 41 

0 12 


Lirer 

0 74 

0 29 

0 47 

0 80 

0 33 



8pletn 

0 11 

0 02 

0 06 

0 0! 

0 06 

0 02 

Gold calcium 

Total body 

48 40 

55 06 




13 30 

thlomalate 

Careaaa 

18 55 

12 OS 




4 01 


Kidney 

3 20 

2 55 




0 60 


Lirer 

1 M 

1 OS 




0 85 


Spleen 

0 21 

0 12 






0 20 

Gold thioclueoM 

Total body 

42 40 



20 20 

21 80 

15 25 


Careaaa 

18 80 



6 42 

4 39 

5 32 


Kidney 

t 00 



0 09 

l 00 

0 fll 


Lirer 

5 00 

1 55 


0 41 

1 00 

0 07 


8pleeD 

0 57 

0 11 


0 15 

0 17 

0 25 

Colloidal gold 

Total body 

85 GO 

62 CO 

77 80 



46 CO 

xulfld* 

Careaaa 

55 77 

29 02 

90 62 



25 06 


Kidney 

0 32 

0 4S 

0 62 



0 DO 


Lirer 

7 01 


2 48 



*» 05 


Spleen 

0 22 

° M 

0 W 



0 04 


This ralue «u obtained by adding tbo amount of told in all tbo riacera analyxed and 
the remaining earcaaa 


fifth day The rate at which gold is removed from tbo lit cr and spleen as well 
as from the heart and lung Is closely parallel for each Individual compound 
In the case of the kidney however the actual rate at which gold ts removed is 
much faster for all compounds except for colloidal gold sulfide. With this latter 
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compound there is Actually more gold present on the eighty -fifth day than on 
the first day tte feel that the apparently more rapid rate at which gold is 
removed from the kidney is probably associated in part with the function of the 
kidney in the excretion of gold from the bods as a whole Thus, gold mobilized 
from other organs and passing through the kidney on the wav to excretion without 
actually being in kidney tissue w ould bo found as deposited gold I ihewitc, 
the same explanation probably applies to the increased amount of gold m the 
kidney after the injection of colloidal gold sulfide, but modified m this instance 
by the very markedly slower rate of absorption and excretion Thus, with the 
rapidly absorbed and rapidly excreted compounds one would anticipate the con 
eentration of large quantities of gold in the chief excretory organ (kidney in this 
instance) soon after the injection of gold while at later pencils after its admin 
istration there would be a correspondingly rapid decrease m the amount of gold 
present Similarly, with respect to the slowly absorbed and slowly excreted 
compounds (for example, colloidal gold sulfide) nn increasing amount of gold 
would tend to be found in the kidney' as the penod following injection increased 
Gold calcium thiomalate lies intermediate between these compounds in both 
the rate of absorption and excretion 

The amount of gold m the leg muscle (sites of injection) is essentially a mcas 
ure of the amount of unabsorbed gold For example, the difference between 
the amount of gold present m the leg muscle on the first and eighth days after 
injection is a measure of the amount absorbed during that penod By plotting 
the percentages of gold absorbed by the eighth day, fifteenth day , twenty -ninth 
day , etc , against time, curves indicating the rate of absorption of each compound 
are obtained (Chart 1) The percentage absorbed in each penod is calculated 
as a per cent of the amount present on the first post injection day Examination 
of our data m this form (Chart 1) reyeals that all compounds studied haie a 
comparatively rapid initial rate of absorption after which the rate falls off to a 
constant, loyyer leyel Dunng the first eight post injection days the absorption 
rate is essentially the same for all compounds except gold calcium thiomalate 
whose initial rate is slower but continues at a higher leyel than does the rate 
of the other compounds dunng the ensuing tw enty -one days The comparatn c 
position of each curve on the chart also indicates the rate of absorption for each 
compound dunng the entire experimental penod Thus, sodium succinimido 
aurate is the most rapidly absorbed substance and colloidal gold sulfide the 
slowest, with the other compounds being intermediate Comparison of Cfnrt I 
with table 1 also reyeals that the amount of unabsorhed gold on the fir-t po<- 
mjection day is only my ersely related to the rate cf absorption dunng the eighty - 
Rye day penod after injection Thus, although the rate of absorption dunng 
the eighty-five expenmental days was greatest m the case of sodium succmimtdo 
aurate, yet on the first post-mjection day the least amount of unabsorbed gold 
was present (0 018 mg per gm ) At the other extreme is colloidal gold sulfide, 
the rate of absorption of winch is slowest and the amount unabsorhed on tlic 

first, day the greatest (0 543 mg per gm ) . 

The difference between the amount of gold present in the entire body on tlic 
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first and eighth poet injection dn\ indicates the amount excreted during Umt 
period Bv calculating the amount excreted during each period (that u be- 
tween tho first and eighth da\ the finrt and fifteenth da\ etc ) and dividing tins 



Chart 1 Rate or Absorption or \ arjodb Gold CouroCHns 
Carvel Gold »odlum thiomalate Curve 2 Gold *odium thiosulfate Curve 3 Sodium 
rirrtnlmido-aurate Curve 4 Gold calcium thiomalate Curve 5 Gold thloriucoae Curve 
6 Colloidal gold tulfide 

Pfreent equals the difference between tlx mgro of gold per gm of leg mu»cle on the first 
day and the mpn of gold per gm of leg muscle on the eighth day fifteentnday etc divided 
by the mgm of gold per gm of leg muscle od the firat day and multiplied by 100 

value by the total amount present m the body cm tho first da\ a scnea of values 
are obtained \thich indicate the rate of excretion of each compound (Chart 2) 
Examination of these data shows that there Is a com pa rath d\ rapid excretory 
rate for all tho compounds during the first eight postdnjec tion da vs with a eubsc- 
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quent rapid decrease in rate The rate of axcretion for the entire pcnod « 
graitest for sodium succmimido auratc and least for colloidal gold mlfidc with 
the other compounds havmg intermediate v alues In general, Those substance! 



Curve 1 Gold sodium thioroalate, Curve 2 Gold sodium thiosulfate, Curve 3 Sodium 
Buccimmtdo aurate, Curve 4 Gold calcium tbiomalate, Curve 5 Gold thioglucose, Curve 
6 Colloidal gold sulfide 

* Per cent equals the difference between gms of cold in the enttre bod) on the first day 
minus gms of gold m the entire bod) on the eighth da) , fifteenth day, etc divided b) gms 
ol gold in the entire body on the first day and multiplied by 100 


most rapidly absorbed are most rapidly excreted 

Chart 2 does not indicate the per cent of the total injected gold still not 
excreted by the eighty-fifth day This is shown m table 2, and rev cals that only 
1 62 per cent of the injected gold is still present in the body in the case of sodium 
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succinimirio a urate the compound with the most rapid rnte of excretion whereas 
46 6 per cent of injected gold fa present in the bodv in the case of colloidal gold 
sulfide which has the slowest rate of excretion This slow rate of excretion of 
gold sulfide is undoubtedly due m part to the extensive phagocytosis of gold 
particles known to occur (0) 

The blood plasma gold values (table 3) at various periods after the injection 
of gold salts are verj similar for those compounds with similar rates of absorption 
and exoretion. The initial values are lower for tho very rapidly absorbed so- 
dium succimmido ourate (0.310 mg per cent) and tho very slow!} absorbed 
colloidal gold sulfide (0J236 mg per cent) AO plasma values drop abruptly by 
the eighth day except in the case of gold calcium thiomalate which remains 
persistently high through the eighth day at least. This is directly correlated 


TABLE 3 

Geld conUnl cf blood plntma 


Bin irm 

BUT B^CIIOK 

or Ua'-'M 

OOLD MB Tint 
riKWTUArt 

fAJJJlUfl iUCIUM- 
DDM iUlilZ 

oold ratnim 

TWTTMT.t ITT 

TDDauxon 

COCLOTTAL 
OOBD UnJILTt 


• I ftr cnS 

m< fM 

mt. fitr tni 

mf Struts 

■X f^r ml 

MX >**• rrM 

1 

1 823 

1 372 

0 310 

1 705 

1 429 

0 236 

B 

0 088 

0 013 

0 004 

1 423 

0 143 

0 001 

15 

0 016 

0 000 

0 009 

0 315 

0 125 

0 025 

29 

0 035 

0 001 

0 009 

0 236 

0 064 

0 001 

S7 

0 023 

0 009 

0 000 

0 118 

0 014 

0 016 

85 

0 036 

0 013 

0 006 

0 018 

0 023 

0 011 


with the difference in the absorption rate of this substance (Chart 1) In gen 
eral, the blood plasma values are correlated with rate of absorption during any 
period. This correlation is not strictly exact but applies in general. With all 
compounds a small amount of gold is still present m the plasma eighty five days 
after the last injection 


SUMMARY 

1 Gold is retained in the liver spleen and kidneys in significant quantities 
for ns long as eighty-five days after its intramuscular injection m rats Tho rate 
of removal of gold from theso tissues is essentially parallel for each compound 
except from tho kidney where it is influenced by the cxcretorj function of 
that organ 

2 The absorption of gold compounds after intramuscular injection ia in com 
piste eighty five days after the last injection The rate of absorption is most 
rapid In tho case of sodium sucontmido aurate and slowest in colloidal gold 
sulfide with gold sodium thiomalate gold sodium thiosulfate gold calcium thio- 
malatc and gold thioglucose having intermediate rates 

3 The rate of excretion of gold is parallel to the absorption rate for each com 
pound but is incomplete eigh ty five days after the last injection even in the 
case of sodium succinumdo aurate which is tho most rapidly excreted substance 
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4 Gold is present in blood plasma throughout the eight} -fh c da> s after the 
last injection when our observations ceased 
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